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ABSTRACT 


The main objective of the study was to examine the regional 
pattern of production and the interregional flow of cereals in Ethiopia 
in 1966 and 1980. A linear programming technique was used to determine 
the optimum distribution of production and transportation of wheat, 
barley, teff, corn and sorghum. The objective function was the minimiza- 
tion of production and transportation costs. 

For the study the country was partitioned into twenty-eight pro- 
ducing districts and nineteen consuming (demand) regions, for which 
appropriate cost coefficients and constraints were defined. The analy- 
tical procedure involved the determination of the most efficient regional 
allocation of resources to satisfy the 1966 and 1980 consumption require- 
ments, given 1966 and 1980 data. Under both conditions cultivated land 
was assumed to remain constant. 

Ex post analysis for 1966 indicated that regional specialization 
according to the regional comparative advantage would be beneficial to 
the country. The least cost solution to Model I suggested that it would 
be possible to save up to approximately one million hectares of land for 
purposes other than the production of the crops in question by allowing 
regional specialization alone. If fertilizer were applied, it would be 
possible to save up to 2.4 to 2.7 million hectares of land, depending on 
the amount of foreign exchange allocated for fertilizer importation. 

The 1980 projected demand for the various commodities under in- 
vestigation could not be met without increases in the cultivated land or 
addition of sufficient amounts of fertilizer which necessitated the use 


of about $227 million worth of foreign exchange. 
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Changes in institutions, infrastructure, economic conditions, 
and social organizations were suggested to facilitate the implementation 
of regional specialization. Since implementation of these programs would 
require heavy capital investment, the importance of developing priorities 
was emphasized. To acquire firsthand knowledge of the responses of 
farmers to the economic incentives suggested above, pilot programs in 


selected districts of the country should be conducted. 
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CHAPTER I 
INTRODUCTION 
Purpose and Scope of the Study 


Ethiopia's present and future economic conditions depend very 
heavily on its agriculture. Without improvement in agriculture, its 
drive towards growth and development would likely be hampered. At present 
the agriculture of the country. is dominated by peasant cultivators who 
depend on traditional techniques of production and distribution. Although 
the country is primarily agricultural, it has not been able to provide 
nutritionally adequate food for its rapidly growing population. Unless 
the techniques of production and distribution are improved, it might even 
be difficult to maintain the existing level of consumption in the very 
near future. In the past, general shortages of agricultural products and 
even sporadic famines were not uncommon in many parts of the country. 

Most of Ethiopia:'s agriculture is concentrated in the plateau 
portions of the country, mainly in the highlands of Harargie, Arussi, 
Shoa, Wollo, Gojam, Begemdir, Tigre, and Wollega. The agriculture of 
these regions is characterized by mixed farming. Cereals, pulses, oi! 
seeds and livestock are raised. Since exen are needed for draft purposes, 
the raising of livestock is necessary. Generally these regions are 
densely populated, and range from 20 to 160 persons per square kilometer. 
The highland areas are so densely populated that lands too steep for 


farming are being cultivated, thus exposing them to severe erosion. 
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The main reasons for the concentration of settlements in the 
Central Plateau of Ethiopia are: sufficiency of precipitation for dryland 
farming, accessibility to market areas and other parts of the country, 
and favorable weather conditions from the standpoint of health. The 
highlands of the south and southwestern provinces have generally good 
soil and ample rainfall for agricultural purposes, but these regions are 
presently under-occupied, primarily due to severe problems of accessibility. 
The lowlands of Ethiopia, too, are presently underutilized due to lack of 
water and health problems associated with these regions. 

Expansion of agriculture into the south and southwestern provinces 
and into the lowland regions would require heavy investment in infra- 
structure such as dams and irrigation facilities, roads, health facilities, 
and the like, entailing expenditure levels that are out of reach, especi- 
ally in the very near future. Thus, the possibility of expanding Ethiopia's 
agricultural output by bringing new land into cultivation is limited. 

With the exception of a few regions, the amount of land being cultivated 
together with the amount that is needed for grazing has about exhausted 

the effectively available area where a great part of the population live. 
There is very little in the way of an extensive margin of cultivation in 
the areas presently settled under the traditional system of cultivation. 

Assuming that there is very little opportunity for increasing 
agricultural output by bringing new land into cultivation because of 
(1) the lack of unused, cultivatable land in the presently settled high 
density areas and (2) the heavy capital commitment necessary to settle 
people in the under-occupied areas, how can the country increase its 
agricultural output? This is the problem with which this study is concerned. 


Regional specialization is one way of increasing total output and this is 
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the subject to be investigated. 

The goal was to determine the extent of improvement in efficiency 
that could be achieved by reorganization of production according to 
regional comparative advantage. Specifically, the question was: Would 
it be possible to satisfy 1966 and 1980 demands for the commodities in 
question with less resource inputs (including land) by a production 
allocation that recognizes regional comparative advantage? Interregional 
commodity flows were assumed in contrast to the existing practice of 
locally raising most of the products needed by the family. The hypothesis 
selected to be tested was that spatial distribution of myoduerion accord- 
ing to the principle of comparative advantage would reduce the total 
national cost of supplying a fixed quantity of goods. 

The study also attempted to investigate the possibility of re- 
leasing more land in the highlands from use by the five crops (wheat, 
barley, teff,| corn and sorghum) considered in this study. The land 
released could be used for other crops such as pulses and oil crops, or 


be converted to pasture. 
Objectives of the Study 


The study examined quantitatively the comparative advantages of 
the various agricultural producing areas in Ethiopia. Emphasis was on 
the determination of geographical location of crop production (namely 


wheat, barley, teff, corn, and grain sorghum) and interregional commodity 


| Teff (Eragrostis abyssinian) is a cereal grain of very small 
seeds measuring about 1 to 1.5 millimeters in diameter (2.5 to 3 million 
seeds per kilogram). 
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flows in a manner consistent with regional comparative advantage and 
with both domestic demand and export demand requirements. 

No two geographical areas are exactly alike in their agricultural 
Characteristics (soil, rainfall, cropping, type of farm, etc.). Some 
regions are more suited than others for the production of particular 
agricultural products. An implicit assumption of this study was that, 
since regions are variously endowed with factors of production and natural 
conditions, regional specialization of production, as dictated by the 
principle of comparative advantage, will increase total production with a 
given amount of total cost. Said in another way, the fixed level of 
demands for the various agricultural products could be satisfied with less 
cost. The study also provided a measure of the excess capacity of each 
region (that is, slack land area could be used to measure excess capacity). 
The excess land resulting from the program could be withdrawn from the 
production of wheat, barley, teff, corn, and grain sorghum and directed 
to other uses such as grazing or the production of export crops not 
included in the study if production were allocated according to regional 
comparative advantage. 

The specific objectives of the study were: 

1. To determine the most efficient production patterns among 
producing regions for the commodities in question. 

2. To determine the interregional flow of output, and trans- 
portation routes and magnitudes. 

3. To predict changes in the patterns of production and product 
distribution resulting from changes in technology (introduction of fer- 
tilizer use). 


4, To study alternative means of producing for 1980 projected 
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demands. 

5. To estimate the regional and national equilibrium product 
prices under each program alternative. 

6. To determine regional rental values (differential rent) of 


cropland. 
Analytical Method 


The mathematical models developed required division of the country 
into internally homogeneous producing districts and consuming regions. 

The country was divided into twenty-eight production districts (Figure 
1.1) and nineteen consumption regions (Figure 1.2). Most of the regional 
boundaries coincide with provincial boundaries. Where feasible and 
necessary, regions represent Awrajas (sub provinces) or groups of Awrajas. 
Regions 1, 7, and 18 produce only small amounts of crops and local produc- 
tion is subtracted from the estimated demand of these regions. One or 
more districts were assigned to each of the other sixteen regions in such 
a way that each district is completely included in a region. Activities 
and constraints were defined for each region and district. 

Transportation activities permit the movement of commodities from 
regions with excess supply to those with excess demand. A central place 
in each region was selected from which transportation costs were calcu- 
lated. These centers represent more or less the central market area for 
location with respect to population, this location not necessarily being 


the geographic center. 
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ET GURE 
PRODUCING DISTRICTS, ETHIOPIA, 1966 AND 1980 
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Note: Each of the 28 producing districts is designated by number. 
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FIGURE 1.2 
CONSUMING REGIONS, ETHIOPIA, 1966 AND 1980 
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Note: Each of the 19 consuming regions is designated by number. Upper 
case words, in the map indicate provinces and lower case words 
provincial capitals. 
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Mathematical Model 


The mathematical model used in this study was a linear programming 
model. Linear programming is a special case of the general optimization 
model where the objective function and all the constraints are linear. 
Typical of this mathematical tool are inequalities representing functional 
constraints of resources, and non-negativity constraints on the variables 
representing the one-way nature of the production process. | 

The standard minimization problem of linear programming in matrix 
notation is as follows: 

Min f(x) = CX (Vat) 

Subject to: 

hx 6 
X70 | (1.2) 
where: X is a vector representing activities, 

C is a row vector of order n, 

B is a column vector of order m, and 

A is am xn matrix coefficients. 

In the standard program, the number of constraints, m, may bear 
any relation to the number of variables, n, but typically m is greater 
than n. 

Cereal Crops Included in the Study 
Wheat, barley, teff, corn, and sorghum were the crops considered 


in the study. These crops are important from both the standpoint of 


] 


Earl 0. Heady and Wilfred Candler, Linear Programming Methods 
(Ames, Iowa: Iowa State University Press, 1969), Chapter 7. 
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consumption and area of land cultivated. In 1966 these crops accounted 
for about 67 percent of the total area under corps in Ethiopia (Table 
1.1). These crops are also important components of the Ethiopian diet. 
Fallowing and a crop rotation program which includes pulses and 
011 crops in the rotation is practiced by peasant farmers. According to 
the Blue Nile Basin Study, fallowed land in the sample areas studied 
comprised between 15 and 39 percent of the cultivated land. | Land use 
data for 1966 also indicated that about 15 percent of the cultivated 
land in Ethiopia was used for pulses and oi] crops.© In addition, a 
Sizeable area of land (usually the marginal land) was used for livestock 
grazing. In this program the above practices were allowed to continue 
unhampered; that is, the land area used for pulses, oil crops and live- 
stock was not included in the resource constraints of the various models 


of this study. 


Me Bureau of Reclamation, "Appendix VI: Agriculture and 
Economics," Land and Water Resources of the Blue Nile Basin of Ethiopia 
(Washington, D.C.: U.S. Bureau of Reclamation, n.d.), pp. 21-24. 


2imperial Ethiopian Government, Central Statistics Office, 


Ethiopia: Statistical Abstract of 1967 and 1968 (Addis Ababa: CSO, 1968), 
bp. 45. 
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TABLE 1.1 
LAND AREA UNDER CROP PRODUCTION IN ETHIOPIA IN 1966 


Percent 
of Cropland 
(Thousand hectares) 


Teff Celsee/ 20.46 
Wheat 1,008.4 9.67 
Barley 1,472.6 14.13 
Sorghum 1 dkoses 11.06 
Corn 1,129.5 10.83 
All Pulses 940.6 9.02 
Cotton 320,45 3.07 
Ensete 187.1 lel? 
Industrial Plants 248.5 2.30 
011 Crops 712.1 6.83 
Fruits and Stimulants 708.1 679 
Vegetables 408.1 3.91 
TOTAL 10,421.5 


Source: IEG Central Statistics Office, Ethiopia: Statistical Abstract 
of 1967 and 1968 (Addis Ababa, 1968), p. 45; and C.J. Miller, 
et.al., Production of Grains and Pulses in Ethiopia, Report 
No. 10, (Mento Park, California: Stanford Research Institute, 


January, 1969), p. 127. 
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CHAPTER II 
AGRICULTURE IN ETHIOPIA 
Introduction 


Agriculture has had a key role in the development process of most 
countries. Almost invariably, the initial stages of development were set 
by agriculture, but as development proceeds, the relative importance of 
agriculture usually declines. Since most of the resources of Ethiopia, 
particularly land and labor, are employed in agriculture, the mobilization 
and efficient allocation of these resources is a condition for economic 
progress. The fact that agriculture commands the major resources of the 
nation also dictates that it be the source of finance for industrial 
development, at least to the extent of the proportion of resources it 
commands. Industrial development must come about rapidly if the nation 
is to maintain a steady rate of progress. 

Economic progress is set into motion by two important forces: 

(1) agriculture becoming more efficient, and (2) industries, particularly 
agricultural processing and servicing industries, growing and increasing 
in importance. As a nation develops, the share of the nonagricultural 
sector of the total productivity of the nation increases relative to 
agriculture. As rural people migrate to urban areas, the number of people 
engaged in agriculture declines. At the same time, agricultural produc- 
tivity increases to more than offset the decrease in the agricultural 
labor force. This change of relationships between agriculture and indus- 


try and rural versus urban population is desirable because markets need 
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to be created for the expanding agricultural output while the 
agricultural sector provides an expanded market for processed goods. 
The dynamics of growth thus set in motion will continue with agriculture, 
although important, continuing to contribute less and less of the gross 
national product of the country, and employment in agriculture declining 
to a low level. 

According to John W. Mellor the rate of transformation from 
primarily an agricultural economy to a mixed economy depends on: (1) 
the proportion of the labor force initially in the agricultural sector, 
(2) the rate of growth of the total labor force, and (3) the rate of growth 


of nonfarm job opportunities. | 


The key to success in the transformation 
lies in the rate of capital accumulation in the nonagricultural sector 

as well as in the agricultural sector. The rate of growth of the non- 
agricultural sector can be expressed as a function of the rate of capital 
formation in the nonfarm sector and the development of complementary 
institutions. The absorption of the labor force dislocated from 
agriculture becomes extremely critical at this stage of development. The 
larger the rate of increase of population in the rural sector, the 


faster the rate of growth must be in the nonfarm sector to provide jobs 


and income for the growing industrial labor force. 
Importance of Agriculture to the Ethiopian Economy 


Contribution to Gross Domestic Product 


Agriculture occupies a dominant place in the Ethiopian economy. 


The overall dominance of agriculture is reflected in its contribution to 


‘bow. Mellor, The Economics of Agricultural Development (Ithaca, 
New York: Cornell University Press, 1966), p. 22. 
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the Gross Domestic Product (GDP) of the country. Agriculture's contri- 
bution to Ethipia's GDP in 1967 was 55.6 percent (Table 2.1). Even though 
there was a decline in its importance from 64.8 percent in 1961 to 55.6 
percent in 1967, it still occupies a dominant position in the economy. 
During the same interval (1961-1967) the share of manufacturing industries 
increased from 12.3 to 16.9 percent. However, the manufacturing sector 

is dominated by the processing of agricultural products such as textiles, 


food and beverages, with mining and electricity gaining some ground. 


Contribution to Employment 


A statistical breakdown of the employment situation of the 
Ethiopian labor force is not readily available. However, from the esti- 
mated distribution of population between urban and rural areas, one can 
get a pretty good idea of industrial versus agricultural employment. 
Estimated population for the provinces of Ethiopia in 1967 shows that 
urban population averaged only 8.1 percent of the total population of 
Ethiopia (Table 2.2). The statistics available also show that some 146,000 
people are employed by manufacturing and service industries, the Central 
Government, autonomous authorities, and the armed forces (Table 2.3). 
This figure represent 1.20 percent of the 15 to 59 years age group, male 
and female population, or 2.49 percent of the male population in the 
same age group. 

The statistics do not include local artisans such as blacksmiths, 
potters, weavers, etc. who earn all or part of their livelihood from 
such activities. Some peasant communities are self-sufficient in almost 
every way. However, even if these people were properly accounted for, 


the proportion of the labor force employed in agriculture proper (that 
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TABLE 2.1 


GROSS DOMESTIC PRODUCT BY SECTOR OF ORIGIN 
IN ETHIOPIA, 1961-1967 


Sector | 196] 1962 1963 1964 1965 PORETIEG 1967 


At Constant Factor Cost of 1961 (E $ Million) 


Agriculture® 1504.5 1530.6 1564.9 1598.1 1619.9 1650.8 1706.2 
Industries? 286.6 312.7 GI2.0 364.9 400.7 448.8 518.8 
Wholesale and 

Reese iirade 139.7 153.5 164.5 185.8 204.5 220.08 Vecle) 
Transport and F0.7)) 1.98603 © 84/4 690897.3 110-2 4121.4 «130.1 
Communication ; : : : i ‘ ; 
Others° Scho 352.5 367.8 385.0 43723 461.4 488.9 
Percentage Distribution 
Agriculture 64.8 65.1 62.3 60.7 56.6 56.7 55.6 
Industries 23 12.9 se 13.9 14.5 15.4 16.9 
Wholesale and 

Ber aidi trade 6.0 63 6.6 cA 7.4 | iets 7.4 
Transport and 

BeMuinication 3.0 3.2 3.4 Se) 4.0 Aid 4.2 
Other Sources 13.9 14.5 14.6 14.6 1535 15.9 15.9 


@ Includes forestry, hunting and fishing. 


B Includes mining and quarrying, manufacturing, handicraft and small 
scale industries, building and construction, and electricity and water. 


© Includes banking, insurance and real estate, public administration 
and defence, ownership of dwellings, educational services, medical and health 
services, domestic services and others. 


Source: Imperial Ethiopian government, Central Statistics Office 
(IEG, CSO), Ethiopia: Statistical Abstract 1967 and 1968 (Addis Ababa: 
Central Statistics 1ce, sD. : 
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TABLE 2.2 


ESTIMATED URBAN AND RURAL POPULATION BY PROVINCES OF ETHIOPIA, 1967 


Province 


Arussi 
Bale 
Beghemder 
Eritrea 
Gemu Gofa 
Gojam 
Harargie 
I] lubabor 
Kefa 

Shoa 
Sidamo 
Tigre 
Wollega 
Wollo 


Total 


Total 


Population 


Eee: 

159. 
1,348. 
ooo. 

840. 
150705 
3,341. 

663. 

688. 
3.910. 
iyo 
2,307. 
1,429. 
SPS LEIS 


23,667. 


mM oO Ww WO WW FPN N — Oo HP FS WO OW 
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Rural 


Population 


(Thousands of People) 


1,069). 
139. 
Wolds 
1,324. 
818. 
1,506. 
Sih89. 
637. 
635. 
35115 
1,430. 
2,200. 
1,376. 


3,021. 


21,742. 


0 


Urban 
Population 


> 
— 
> 


(o>) 
te) 
ow wiaiwao oO Ww oO © 


Percent of Urban 
Population 


me WAHnAOoOAXOnN WD KPA NN OO ™N 


2 There is no clear definition of what constitutes an urban centre. 
However, for the purpose of population surveys, CSO considers all towns with 
town chiefs appointed within the framework of administrative authority as 


urban centres. 


Source: 


(Addis Ababa: Centra 


IEG, CSO, Ethiopia: Statistical Abstract of 1967 and 1968 
i Statistics Oftice, 1968) 26 
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TABLE 2.8 


EMPLOYMENT AND GROSS VALUE OF PRODUCTION 
IN MANUFACTURING INDUSTRIES IN ETHIOPIA, 1965-1966 


Industrial Groups No. of Employees Gross Value of Production 
Establishments No. % Value Eth.$ % 

Food 73 22,112 40.3 80,912,000 30.0 
Beverages 39 2,473 4.5 41,954,000 15.6 
Tobacco 2 1,093 230 7,347 ,000 CAE | 
Textiles 25 17,040 31.1 79,082 ,000 29.4 
Leather & Shoes eeu 2,298 4.2 13,074,000 4.9 
Lumber 3] 2,147 339 6,405 ,000 2.4 
Building and Nonmetallic 

Material 24 3,684 ee 12,668 ,000 4.7 
Printing and Publishing 23 1,403 2.6 6,405 ,800 2.4 
Chemicals | 22 1,618 2.0 9,308 ,000 3.4 
Steel, Metal and 

Electrical 13 930 Lei, 12,200,000 4.5 
TOTAL 272 54,798 100.0 269,355,000 100.0 


Source: IEG, CSO, Ethiopia: Statistical Abstract of 1967 and 1968 
(Addis Ababa: Central Statistics Office, 1968), pp. 57-58. 
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is, cultivate the land and raise livestock) would continue to be large. 


Agriculture's Share of Foreign Trade 


Ethiopia's exports are almost exclusively agricultural products. 
Coffee has dominated Ethiopia's foreign trade for many years. Coffee, 
oil seeds and cakes, pulses, hides and skins, meat and live animals, and 
fruits and vegetables comprise Ethiopia's major export commodities, to- 
gether accounting for over 90 percent of the total export earnings 
(Table 2.4). Coffee is by far the major export item, constituting over 
half of the total value of exports (56.2 percent in 1966). Oi1 seeds 
and cakes, pulses, and hides and skins account for a further 25 to 35 
percent of the export earnings (28.3 percent in 1966). 

Immediately after World War II, Ethiopia exported a large quantity 
of wheat to Europe, but recently it has been a net importer of wheat. 
The other cereal crops under investigation have never been important as 
far as export markets are concerned. However, the outlook, particularly 
for maize export to the Far East (especially Japan),is very promising. 

Livestock and livestock products account for a significant por- 
tion of Ethiopian exports. The growth in exports of hides and skins has 
been quite substantial in the 1955 to 1966 period (90 percent). Hides 
and skins accounted for some 10 percent of Ethiopia's export trade in 
1966. Canned and frozen meat accounted for about 3 percent of Ethiopia's 
total export earnings. The increase in export of canned and frozen meat 


between 1955 and 1966 was about 133 percent. 
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Soil and Climate of Ethiopia 


The State of Soil Information 

Information on Ethiopian soils is limited. Most descriptions of 
Ethiopian soils are impressionistic views. The only chemical anlysis 
attempted on a nationwide scale was done by the Late Dr. H.F. Murphy in 
the late fifties and early sixties. During the course of his stay in 
Ethiopia, Murphy collected and analysed about 6,000 soil samples from 
the major agricultural areas of Ethiopia. The information presented here 


f , : ] 
is a condensation of his work. 


Classification of Ethiopian Soils 


No general classification of Ethiopian soils has been made. 
Distinction is often made only by the color of the soil. Shantz and 
Marbut gave the following brief and general account of the Ethiopian 


sors: 


' WF. Murphy, A Report on the Fertility Status of Some Soils of 
Ethiopia, Ext. Stn. Bull. No. 17 (Imperial Ethiopian College of Agriculture 
and Mechanical Arts, November, 1959); » The Soils of Ethiopia: 
Analytical Data and Notes, 1956-58, Experiment Station Bull. No. 1, Vol. 
| (Imperial Ethiopian College of Agriculture and Mechanical Arts, n.d.); 

, The Soils of Ethiopia: Analyitical Data and Notes, 1956-58, 
Exp. Station Bull. No. T, Vor, II (Imperial Ethiopian College of Agri- 
culture and Mechnaical Arts, n.d.); ,» Fertility and Other Data 
on Some Ethiopian Soils, Exp. Stn. Bull. No. 4 CImpertal Ethiopian 
College of Agriculture and Mechanical Arts, February, 1963); ; 
A Report on the Fertility Status and Other Data on Some Soils of 
Ethiopia, Exp. Stn. Bull. No. 44 ( Dire Dawa: College of Agriculture, 
Haile Selassie I University, 1968). 

Z 


H.L. Shantz and C.F. Marbut, The Vegetation of Soils of Africa 
(New York: American Geographical Society, 1923). 
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Soil Class Area 
Li Red loam Central highlands soils. 
oe Chernozem Lowest reaches of the western slopes 


toward the Sudan, most extensively in 
the Sobat River drainage basin and in 
the northwest (south of Metema), and 
on the humid parts of the Somali Plateau. 


ot Brown desert Rift Valley and Danakil Plain. 
4. Chestnut brown Eastern part of the Somali Plateau. 
5, Red sand Southwest Ethiopia. 


Soil Nutrients and Availability 


While the number of soil samples analysed does not justify general 
statements about Ethiopian soils, the work done by Murphy provides a 
great deal of new information. The general areas from which soil samples 
were collected follow the major highways radiating out of Addis Ababa. 
Since most of the agriculture of Ethiopia lies in the areas close to the 
highways, it is felt that the samples analysed adequately cover the major 
agricultural areas of Ethiopia. In this study, only brief summaries were 


provided and interested readers may refer to Murphy's work cited above. 


Lowland Soils 

Soil development is a function of all of the soil forming pro- 
cesses--climate and living organisms acting on the parent material on a 
particular topography over a period of time. Climate in particular is 
one of the major factors in soil formation. The lowlands of Ethiopia 
are generally dry and hot, allowing for very little vegetative growth, 
chemical weathering, and too little leaching. Because of these factors, 


the soils in these regions are young and have an undeveloped soil profile. 
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Organic matter is low due to lack of plant growth. The nitrogen level 

is low also because it is a product of the organic matter and activities 

of soil forming organisms. Soil leaching is nil and as a result soluble 

basic products produced in the limited weathering processes accumulate 

in the young soil. Thus, the soils in the lowlands are neutral to gener- 
ally basic in reaction. | Available phosphorus was found to be generally 


high in the drier regions of the country. 


The Highland Soils 


Crop production in Ethiopia is largely concentrated in the high- 
land portion of the country which gets sufficient rainfall and where the 
climatic conditions are suitable for habitation. Generally speaking, 
the results of the soil analyses indicated that the southwestern provinces 
had some of the better soils of the country. The rich coffee soils of 
Kefa province are among the best soils in the country. 

In terms of soil reaction, the soils of the western provinces of 
Wellega, Ilubabor, Western Shoa, Kefa, Begemdir, and Gojam showed high 
acidity. On the other hand, the provinces of Harargie, Arussi, Wollo, 
Sidamo, Bale Tigre, Eritrea and Eastern Shoa were less acidic. The 
western provinces receive high rainfall which subjects them to a high 
degree of leaching of the basic soil minerals and results in a greater 


concentration of nonbasic minerals. 


1 H.F. Murphy, A Report on the Fertility Status and Other Data 
on Some Soils of Ethiopia, pp. 6-8; The degree of acidity or alkalinity 


of soils is defined as follows: 


Strongly acid DHte<5im6 
Moderately acid DH 090 = Osu 
Slightly acid Die ~6..19 675 
Neutral pH 6.6 = 7.3 
Mildly alkaline pH 7.4 - 7.8 
Strongly alkaline pH >/.8 
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In general, all the highland soils contain an abundant supply of 
organic matter except in the provinces of Eritrea and Tigre where 65.2 
percent and 52.1 percent of the samples, respectively, rated below 2 
percent. | The results for all samples showed 23.5 percent containing 
less than 2 percent organic matter, 19.2 percent containing a medium 
amount (2-3 percent), and the rest having a high to very high supply of 
Organic matter. 
The distribution of nitrogen is similar to that of organic matter. 
In Eritrea and Tigre provinces, 61.2 percent and 45.1 percent of the soils 
respectively, contain less than 0.10 percent nitrogen. The lowlands, 
which are generally drier, exhibit deficiencies in nitrogen levels as well 
as in organic matter. For example, 95.5 percent of the samples from the 
lowlands of Wollo province showed less than 0.10 percent nitrogen. Of 
the samples from Harargie province (which includes samples from the drier 
portions of the country), 39.7 percent contained less than 0.10 percent 
nitrogen. 

Phosphorous appears to be a problem in most Ethiopian soils. On 
the average, 47 percent of all the samples analysed range from very low 


to low in available phosphorus. In those highland regions where the 


} Nutrient and organic matter contents were classified as follows: 
Soils containing less than 2 percent organic matter were classified as 
low; 2.0 - 3.0 percent, medium; and over 3.0 percent, high. Soils con- 
taining less than 0.10 percent nitrogen were classified as low; 0.10 to 
0.15 percent, medium; and over 0.15 percent, high. Soils containing less 
than 250 ppm of phosphorus were classified as low; 250-750 ppm, medium; 
and over 750 ppm, high. 


¢ Murphy, A Report on the Fertility Status and Other Data_on Some 
Soils of Ethiopia, p. rT. Figure 3. 
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acidity of the soil was high, the availability of phosphorous was usually 
low. On the other hand, the province of Eritrea, and the lowlands of 
Wollo, Harargie and Shoa showed high availability of phosphorous. | In 
acid soils the phosphorus is tied up in a form that is unavailable to 

the plants (phosphate fixation). Murphy explained that this was due to 
the fact that phosphate ions react with the hydrous iron and aluminum 
oxides present in the kaolinitic clay. The encouraging feature of these 
soils, however, is that they are generally high in organic matter, af- 
fording the seasonal liberation of some available phosphorous during the 
stages of organic matter decay. 

Potassium, calcium and magnesium were quite high in all the soil 
samples analysed. No attempt was made by Murphy to conduct analyses 
for the rest of the minor elements. 

Some of the highland black clay loam to clay soils are mont- 
morillonitic in character and are very sticky and plastic with great 
swelling and shrinking capacity when wet, and hard when dry. These kinds 
of soils occur in many parts of the country and are quite difficult to 
manage. In general, the reddish brown to dark reddish brown soils varying 
in texture from a loam, clay loam, or sandy loam to clay are easier to 
manage. 

In some of the highland soils, the wet conditions prevailing 
during the growing season limit the activities of microorganisms which 
liberate nitorgen in the soil. This condition is particularly trouble- 
some in the highland soils of Shoa and, to a certain extent, in other 
provinces also. The extremely wet conditions, lack of aeration, and cool 


temperature conditions limit the production of available nitrogen (nitrate). 
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Soil erosion is a problem of major consequence. Evidence of sheet 
erosion and gully erosion may be observed in every locality. Such factors 
as tillage and planting practices subject the soil to severe erosion. 
Overgrazing, with its constant packing of the soil by the animals, pre- 
sents not only conditions favouring erosion but also problems in water 
conservation and its attendant effects on the kind of vegetation which 
can be established. The northern provinces are virtually denuded of their 
top soil. According to the information provided by Mr. Wolde Mariam, | 
more than 52 percent of the area of the country loses an estimated amount 


of more than 2,000 tons of soil per square kilometer every year. 


Rainfall in Ethiopia 


The distinction of Ethiopian climatic Zones is traditionally 


based on elevation: 
Average Annual 


Zone Climate Altitude Temperature 
Dega Temperate Over 2400 meters L6aC 
Weina Dega Subtropical 1800 - 2400 meters 22. G 
Kola Tropical Less than 1800 meters 26%¢ 


Altitude is an important determining factor of the temperature 
that prevails in the country. Temperature and elevation are inversely 
related while elevation and rainfall are directly related. At elevations 
greater than about 1,000 meters the temperature declines by 0.84°C per 


100 meters rise in elevation.“ At lower elevations (below 1,000 meters) 


: Mesfin Wolde Mariam, An Atlas of Ethiopia (Asmara, Ethiopia: 
II Poligrafico Printing Ltd. Co., 1970), p. 16. 


4 Miller, et al., Systems Analysis Methods for Ethiopian Agricul- 
ture, pp. 54-56. 
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the decline is about .34°C for every 100 meters rise in elevation. 
Observation of precipitation data in the middle Awash Valley also shows 
about 60-70 mm increase in rainfall for every 100 meters rise in eleva- 


tion. 


Rainfall Regions 


The traditional concept of classification based on elevation 
provides a rough indication of the rainfall conditions. However, this 
concept is not very useful in explaining the variation in rainfall between 
areas at the same elevation in different parts of the country. A com- 
bined effect of altitude, latitude and longitude seems to explain the 
Situation better. H.P. Huffnagel and Kebede Tatu, | particularly the 
latter, attempted to partition the country into rainfall regions by 
employing the combined effects of altitude, latitude, and longitude. 
According to the analysis presented by the two authors, the further 
north the station, the less the annual rainfall amount, with annual 
peaks occurring late and distribution of rainfall being less. The fur- 
ther east a station lies, the less penetration of the moist air stream, 
resulting in less rainfall. The lower the elevation of the station, 
irrespective of its geographical position, the less amount of rainfall. 


Roughly the country is divided into the following climatic zones.“ 


'W.P. Huffnagel, Agriculture in Ethiopia (Rome: FAO, 1961), p. 
60; Kebede Tatu, "Rainfall - Ethiopia”, Ethiopian Geographic Journal, 
Vol. II, No. 2 (December, 1964), p. 31. 


é Typical rainfall figures and distribution for each region are 
given in Appendix B, Tables B-1 to B-9. 
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ify The Highlands of Shoa, Wollo, Begemdir, Gojam, and 
Northeastern Wollega. 


2. The Western Highlands of Illubabor, Wollega and Kefa. 


3 (a) The Western, and 
(b) The Northwestern Lowlands and Plains. 


4. The Rift Valley (North of the Lake districts). 


Se (a) The Southern Lowlands of Sidamo, Gemu Gofa, Kefa, and 
(b) The Ogaden Lowlands. 


6. The Red Sea Coastal Plains. 

7. The Highlands of Arussi, Bale and Harargie. 

8. The Northern Denkel Plain. 

9. The Highlands of Tigre, Eritrea, Northern Wollo and Begemder. 

The western stations generally show above-normal rainfall (as 
high as2000 mm. and more). In these regions, wet conditions are guaranteed 
during most of the year because of their position on the windward side 
of the southwesterlies and because of the abruptly rising inland high- 
lands which force the air to lifting condensation and precipitation 
(orographic precipitation)! 

The mean annual rainfall chart for Ethiopia shows that the iso- 
hyet of 2000 mm. is located over the western provinces. The isohyet value 
decreases northward through the Rift Valley, with a ridge of high rain- 
fall extending along the eastern and southeastern highlands of Arussi 
and Harargie. A minor center of 1200 mm. is located over the northeastern 
part of Arussi. A low cell of less than 1000 mm. is located in the western 


part of Shoa. A significant feature of Ethiopian climatic condition is 


' E.R. Reinelt, "On the Role of Orography in the Precipitation 
Regime of Alberta," The Albertan Geographer, Vol. 6 (1970), p. 45. 
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the seasonal variation both in its distribution and magnitude. Except 
for the western provinces, rainfall is extremely variable for any of 


the dry months and cannot be relied upon. 
The Current State of Agriculture 


The low standard of living of the people of Ethiopia can be 
attributed mainly to the backwardness of their agriculture. In the last 
ten years there has been some improvement in the techniques of agri- 
cultural production. However, the predominant technique of agricultural 
production is still largely primitive, depending solely on human and 
animal power. Agriculture in Ethiopia is characterized by subsistence 
farming; a feudal type of land tenure relationship; continuous subdivision 
and fragmentation of small holdings; widespread rural under-employment 
and unemployment; inadequate transportation and marketing facilities; 
heavily eroded soil; overly grazed, unproductive pasture; heavy depend- 
ence on natural forces such as seasonal rains and other weather compo- 
nents; illiterate rural population; and primitive farming techniques 


with heavy dependence on human and animal power. 


Investment in Agriculture 


Savings per capita are low because of the low income of the 
people and perhaps because of lack of incentives. According to the 
Third Five Year Development Plan (TFYP) of Ethiopia, the estimated per 
capita saving by the nonmonetary sector (peasant economy) is about 2 


percent of their disposable income. | The FAO estimated agricultural 


Imperial Ethiopian Government, Third Five Year Development 
Plan 1968-1973 (Addis Ababa: Berhanena Salam H.S.I. Printing Press, 1967), 
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investment in Ethiopia was about 0.5 percent of the GDP during the 1961- 
1965 period. The same study shows a decline in the rate of growth of 
agricultural output in Ethiopia between 1950 and 1960--from 4.0 percent 
to 3.3 percent per annum. This decline is attributed mainly to the low 
level of investment. ! 

Typically, a nation that depends so heavily on agriculture should 
put emphasis on agricultural investment, but the Ministry of Agriculture's 
budget is one of the lowest. According to J.H. Robinson, agriculture 
received only $5.8 million (2.0 percent) in 1965-66, and $6.2 million 
(1.9 percent) in 1966-67, excluding the external assistance received and 
considering only the allocation of locally generated funds.“ In com- 
parison with developing countries in Africa, North America, South America, 
and Asia, Ethiopia ranks among the lowest in terms of total agricultural 
expenditures as a percent of total budgeted expenditure. ° 

Gross capital investment in agriculture and allied activities 
is projected at Eth. $361 million--which amounts to about 11.58 percent 
of the total gross investment for the TFYP period.” This figure as an 


investment allocation to agriculture is not high, nor is it extemely low, 


| E.F. Szezepanik, "The Size and Efficiency of Agricultural 
Investment in Selected Countries," Monthly Bulletin of Agricultural 
Economics and Statistics, Vol. 18 (December, 1969), p. 2. 

e J.H. Robinson and Ato Mammo Bahta, An Agricultural Credit Pro- 
gram for Ethiopia, Report No. 9, (Menlo Park, California: Stanford Research 
Institute, January, 1969), p. 41. 


4 tides pu4di 


4 IEG, Third Five Year Development Plan, 1968-1973, p. 59. 
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particularly for a country with an urgent program of industrialization. 
Certainly the share of investment used in building the industrial base 
of the economy was much higher in proportion to its relative importance 
at present, but no country aiming at structural transformation of the 
economy can be expected to allocate investment in proportion to national 
income. Besides, in Ethiopia, agricultural investment in fixed capital 
may not always be the most important determinant to any significant 
productivity mee: producing fertilizers, pesticides, improved seeds, 
etc., may be the solution. In Ethiopia there is considerable scope for 
mobilizing the vast masses of unemployed and seasonally under-employed 
rural labor on labor intensive investment projects like minor irrigation, 
flood control, soil conservation, reforestation programs, and leveling 
and road building projects. 

Investment in farm tools and equipment is also meager on Ethiopia's 
peasant farms. A limited survey by the Stanford Research Institute (SRI). 
in the major agricultural areas (Figure 2.1) indicated that investment 
in farm tools and equipments ranged from ninteen dollars to fifty-four 
dollars for peasant farms (Table 2,5). 

In the Chercher Highland area (Alemaya vicintiy), a limited in- 
vestigation indicated that investment in farm tools and equipment ranges 
from $15.00 to $30.00 per farm,¢ while a similar study in Ada district, 
an important agricultural area, showed investment in farm tools and 

1 


Miller, et al., Production of Grains and Pulses in Ethiopia, 
p. 34; 


2 L.F. Miller and Telahun Makonnen, Organization and 0 eration 
of Three Ethiopian Case Farms, Exp. St. Bull. No. 35 (Imperial Ethiopian 


College of Farieul ture and Mechanical Arts, March, 1965), p. 28. 
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FIGURE 2.1 


LOCATION OF FARM MANAGEMENT STUDY AREA, ETHIOPIA, 1968 
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Source: C.J. Miller, et al., Production of Grains and Pulses 
in Ethiopia, Report No. 10 (Menlo Park, California: Stanford Research 
Institute, January, 1969), p. 34. 


| bret 
2heoh sigtontn4 a 
269A yvbyte 


3] 


TABLE 2.5 
FARM MANAGEMENT FACTORS ON CROP FARMS IN ETHIOPIA, 1968 


Farm Management Factors Survey Areas 


Farm interviewed--number 30 30 16 31 28 10 65 
Size of farms--hectares he. 5 tab2ias 6.1 9. Fave? sOwer eOnAdl/ a0 
Workers per farm--number 4 6) 5 4 3 3 12 


Area in crops per farm--ha 10nd aeS:3 #63. 9ehe®.GnimlsZ. yd 029.8 
Oxen per farm--number bec 43. Quen sone Ord ne. Fiend e3ey £5.9 
Draft horses & mules/farm--no. 0 0 08g 0 0 0 4.5 


Capital invested in hand 
tool & equipment-Eth.$/farm 49 30 54 48 19 207 "226 


@ Includes family and non-family employees who earn their living 
on the farm. 


PB In addition to normal hand tools and farm equipment there were 
7 tractors (value Eth. $65,931); 5 disc plows (value Eth. $3,000); 1 
combine (Eth. $8,700); 1 coffee pulper (Eth. $4,000); 2 tractors discs 
(Eth. $1,000) and 1 tractor harrow (Eth. $500). 


Source: C.J. Miller, et al., Production of Grains and Pulses in 
Ethiopia, Report No. 10 (Menlo Park, California: Stanford Research 
Institute, January, 1966), p. 36. 
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equipment ranging from $24 to $91, averaging $45.70 per farm. | 


The Blue 
Nile Basin Study showed average values of farm tools and equipment as 
ranging from $7.50 to $15.80 per farm.¢ Most of the farm tools and 
equipment used by peasant farmers are very crude and inexpensive 
(Appendix C, Table C-3). 

The major source of power in all parts of the country, except 
in exceptional cases, is oxen for plowing and other farm power needs and 
donkeys, mules and horses for on and off-farm transportation. In general, 
each household has two or more oxen and a few other animals. The Ada 
District study found that the number of oxen owned varied from two to 
five, averaging about three oxen per farm for the year.> In the Stanford 
Research Institute Study, the number averaged from 1.3 to 5.5 oxen per 
farm (Table 2.5). 

Total farm investment has been studied in only a few areas of 
the country. The figures for total farm investment for both crop and 
livestock enterprises averaged about $1,286 for the Ada area and about 
$1,073 for the Alemaya vicinity. Farm buildings and homes are generally 
simple and constructed of local materials. Farm fences, domestic water 
systems, pumps, wheeled carts and trucks are practically nonexistent on 


peasant farms. 


l Fekadu Ebba, A Case Study of Six Peasant Farms in Ada District, 
Shoa Province (Addis Ababa: Ministry of Agriculture, Dept. of Agricultural 
Economics and Statistics, March, 1970), pp. 51-55. 


Q USDI, Bureau of Reclamation, "Appendix VI: Agriculture and 
Economics," p. 20. 


3 Ebba, Op. Cit., pp. 45-46. 
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Types of Farms 


Mixed enterprise peasant farming generally prevails in Ethiopia. 
The farmers produce almost all their consumption needs on the farm. Each 
producing district in this study produces some wheat, barley, teff, corn, 
grain sorghum, oil seeds, and pulses. Most farmers keep some livestock 
in addition to crop farming. 

Te RoSEWE years there has been some tendency for regional speci- 
alization due to the emergence of commercial farms, but mixed farming 
still prevails in the highland or plateau sections of the country. The 
peripheral lowlands and the Rift Valley regions north of the Lake areas 
are generally characterized by nomadic herding and some irrigated planta- 
tion farms. The southern, southeastern, and western peripheries of the 
country, with precipitation generally too low to support sedentary 
agriculture, specialize in nomadic herding. People in these regions 
depend heavily on livestock products for their diet. The overall charac- 
teristics of farming have remained unchanged for several generations. 
Practically no improvement has been made in the traditional techniques 
and equipment used. 

Modern farming techniques have been introduced recently and com- 
mercial farms have emerged rapidly, but the peasantry still remains poor 
and tradition-bound as far as farming is concerned. Three kinds of farm- 
ing can be distinguished in Ethiopia today: (1) traditional peasant farms, 
(2) private commercial farms, and (3) plantation farms. The latter two 
are mechanized to a large extent and employ modern farming methods. 
During the 1965-67 period alone, about Eth. $25.5 million worth of farm 


machinery and implements were imported into Ethiopia mainly for use by 
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commercial farms and plantations. ! 


These farms still remain relatively 
unimportant in terms of contribution to the total agricultural output 
and employment. 

Most of the peasant farms are found in the highland regions 
(1,800-2,500 meters). Dryland farming predominates with few irrigated 
farms in the valleys and on riversides. The exception is the Awash 
Valley area where irrigated plantation farms and commercialized private 
farms predominate. 

Two types of cropping culture are recognized in the highland 
farms: (1) the oxen-plow culture and (2) the hoe culture. The hoe 
culture is limited mostly to the ensete growing regions and some isolated 
areas where it is not possible to keep oxen where farm sizes are too small 
to keep livestock. Generally the oxen-powered culture or a combination 


of both cultures prevails in the highland areas where most of Ethiopia's 


agriculture is located. 


Size of Farms 

The farms in the highland areas are generally quite small. A 
limited study conducted by the College of Agriculture, Haile Selassie I 
University, in the Chercher Highland area showed that farm sizes varied 
from 0.04 hectares to 5.6 hectares, with about 33 percent of them farming 
less than one hectare.” A national sample survey by the Central Statis- 


tics Office indicated average cultivated area holdings ranging from 0.50 


l IEG, Central Statistics Office, Ethiopia: Statistical Abstract 
of 1967 and 1968, p. 101. 


K.C. Davis and Ahmed Mohamed, Farm Organization of Terre and 
Galmo Villages, Exp. Stn. Bull. No. 42 (Harar Province, Ethiopia: IECAMA, 
October, roe5y Ds 20s 
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to 1.94 hectares per farm for eleven of the fourteen provinces of 
Ethiopia (Table 2.6). The report also indicated that in Sidamo and 

Gemu Gofa provinces more than 90 percent of the holdings were less than 
one hectare, while in Wollo and Begemdir 80 and 70 percent, respectively, 
operated less than one hectare. 

Another sample study in the major agricultural areas by the 
Stanford Research Institute showed that the sample averages of area of 
land in crops ranged from 1.4 to 10.3 hectares for the peasant farmers 
interviewed (Table 2.5 and Figure 2.1). The same study showed that the 
average number of workers per farm was 3.67. The land operated per 
worker ranged between 0.5 and 3.0 hectares. | 

A substantial proportion of the cultivated area is being oper- 
ated in holdings that are uneconomically small, even by Ethiopian stand- 
ards. Small farmers face disadvantages in getting enough supplies, 
credit, and technical assistance. The Agricultural Development Bank of 
Ethiopia does not make small loans, which the bank officials say is too 
costly to collect and perhaps to supervise. Although there has been 
some recent improvements in cooperative servicing, marketing, and pro- 
visions of agricultural supplies, their effect is still very minimal. 

Apart from being too small, the holdings also consist of widely 
scattered fields. The average number of parcels per operational holding 


2 


consisted of two to three parcels (Table 2.7). Such fragmentations are 


Miller, et al., Production of Grains and Pulses in Ethiopia, 
De 250. 
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IEG, Ministry of Planning, Regional Aspects of National Plannin 
in Ethiopia, Parts I and II (Addis Ababa: IEG, August, WORF) Devore 
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TABLE 2.6 
DISTRIBUTION OF HOLDINGS BY SIZE IN ETHIOPIA, 1968° 


—————— Se 
St te rt 


Province Size Groups (In Hectares) Average 
Cultivated 
0-055 OSS terra 5-2 256 or Area Per 
Holding 
(Percent) (Hectares) 
Arussi 8 23 1 14 20 20 1.94 
Gojam a 27 18 2 10 6 chs 
Shoa 23 22 16 11 13 15 67, 
Tigre AS «23 AG 16 5 6 5 ney 
Wollo 65 25 1] 3 4 2 0.97 
Wollega 29 36 14 10 7 4 Ay) 
Gemu Gofa ie 19 4 2 Z ~ 0.54 
Begemdir 40 30 13 9 5 3 1.40 
Sidamo 13 18 5 2 1 1 0.50 
Kefa 4] 32 12 7 4 1 0.82 
I] lubabor 32 a7 14 7 3 7 0.62 


@ The Statistics do not include all of the subprovinces in each 
province, but reflect a sample survey. 


Source: H.Jd. Robinson and Mammo Bahta, An Agricultural Credit 
Program for Ethiopia, Report No. 9 (Menlo Park, California: Stanford 
Research Institute, January, 1969), p. 26. 
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TABLE 2.7 


DISTRIBUTION OF LANDHOLDINGS BY PARCELS IN 
ELEVEN PROVINCES IN ETHIOPIA, 19682 


rr 
SS A 


Province Number of Parcels? 

] 2 3 4 5 6 

(Percent) 

Arussi 26 20 23 15 8 8 
Begemdir 19 25 27 16 8 5 
Gemu Gofa 47 32 14 5 2 0 
Gojam | 26 27 24 TZ 6 5 
I] lubabor 28 24 20 16 7 5 
Kefa 38 23 20 12 5 Z 
Shoa 32 23 17 12 6 10 
Sidamo 65 23 8 3 1 0 
Tigre 16 25 20 16 7 16 
Wollo 19 24 23 14 9 1] 
Wollega 26 21 20 13 10 10 


@ The statistics do not include all of the sub-provinces in each 
province, but reflect a sample survey. 


y All land entirely surrounded by land of other holdings or by 
land not forming part of any holding. 


Source: H.J. Robinson and Mammo Bahta, An Agricultural Credit 
Program for Ethiopia, Report No. ( (Menlo Park, CURSES Stanford 


Research Institute, January, 1969), p. 29. 
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much more characteristic of the northern part of the country. A study 
of some Chercher Highland farms revealed that the average number of 

parcels was about three to four per holding. | A consolidation program 
of holdings, which would remove a lot of division strips, could assist 
in soil conservation measures and irrigation projects and economize use 


of animal and human labor. 


Structure of Farm Inputs 


The structure of farm inputs and the organization of farms are 
quite similar for peasant farmers in all parts of Ethiopia. The nature 
and composition of farm inputs vary very little from region to region. 
The studies conducted by the Stanford Research Institute (Table 2.8) 
showed that average cash expenses incurred by peasant farms in the areas 
invetigated range from $12 to $84. The simple average for all regions 
investigated was about $44. The major part of these expenses consisted 
of taxes, hired labor, and purchased seed. 

A study by the United States Bureau of Reclamation in the Blue 
Nile Basin showed that combined farm and home expenses ranged from $171.12 
to $298.55 per family with the majority of the farm families interviewed 
spending less than $200.00 per year (Table 2.9). 

A study in the Chercher Highland region showed average annual 
cash farm expenditures of about $73.55 for all farmers interviewed. Non- 
cash farm expenses account for a big portion of the cost of production 


in a peasant agriculture. Such costs as own and family labor, unpaid 


| Miller and Makonnen, Organization and Operation of Three 
Ethiopia Case Farms; Davis and Mohamed, Farm Organization of Terre and 
Gal 1 mph 
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COST OF PURCHASED INPUTS, ETHIOPIA, 


TABLE 2.8 


1968° 


Items of Production, 


Harvesting, and Marketing 


Inputs 


Production Inputs 
Seeds 


“Fertilizer 

Hired Labor 

Hired Oxen 

Hired Machines 

Other Field Expenses 
Irrigation Costs 

Cash Rent 

Taxesb 

Interest on Loans 
Chemical Sprays or Dusts 


Harvesting Inputs 
Hired Labor 


Field and Marketing 
Containers 

Transport on Farm 

Other Harvesting or 
Trashing 


Marketing Inputs 
Storage Tach. Losses) 


Other Marketing (Includes 


Transport Off Farm) 
Total Cash Costs 


Average Costs/Farm (Eth.$) 


Area in Crops 


100.0 
$52 


1023 


100.0 
$84 $61 $12 


Survey Areas 


C D c 


a0 17.0 25.4 
21.0 1957, ares: 
h6 -- -- 

-- 0.6 -- 

Oa? -- -- 
34.7 -- =< 

0.9 obi a!) 

Dac Les 41.9 

-- - 0 


olumatior: = 


309 6.8 Tey, 


F 


(Percentage of Total Cash Spent) 


RA 


100.0 
$14 
1.4 


— 
— oO 
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—- -. 
Oo oO 


0.0 


032 
100.0 
$2,175 

29.0 


2 For all farms reporting. 


b 


Source: 


Ethiopia, Report No. 
January, 1969). 


For land owned. 


C.J. Miller, et al. 
10 (Menlo Park, 


Production of Pulses and Grains in 


California: Stanford Research Institute, 
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TABLE 2.9 
FARM AND HOME EXPENSES PER FAMILY, ETHIOPIA, 1960 


Farm and Home Ambo- Sululta- Lekempt- Bure- 
Expenses/Fami ly Guder Chancho Sire Jiga 
(Eth. $) (Number of Families) 
0-50 6 4 4 32 
50.01-100.00 32 6 3 60 
100.01-200.00 29 20 2 85 
200.01-300.00 21 14 - 45 
300.01-400.00 5 8 - 13 
400.01-500.00 4 4A ] ji 
500.01-600.00 2 5 - 5 
600.01-700.00 ] 3 ~ ] 
700.01-800.00 2 0 2 
>800 - 5 - 3 
Total 102 69 11 ibe 
Average/Family (Eth. $) 185.78 298.55 23) s6e 171.12 
Percentage Distribution 
of Farm and Home Expenses 
0-100.00 S753 14.5 \ 64.5 3 laa 
100.01-200.00 28.4 29.0 US u2 57.8 
200.01-300.00 2026 20.3 ~ 6.7 
300.01-400.00 4.9 i.6 ~ Lae 
>400.00 8.8 24.6 Cres one 


ee A LL 


Source: United States, Bureau of Reclamation, Land and Water Resource 
of the Blue Nile Basin of Ethiopia, p. 26. 
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help by neighbors, depreciation on farm assets, and interest on investment 
were important components of cost found in this study. 

The consumption of fertilizers, pesticides, herbicides, and fungi- 
cides is very low. Peasant farmers have not been acquainted with these 
technologies until recently. The freedom from Hunger Campaign of FAO 
has made field trials of fertilizer in most of the agricultural areas. 

The results were promising. The analyses revealed significant responses 
of wheat, teff and barley to N, P, NP, and NPK. No significant difference 
was observed between NPK and NP. The overall results confirm the gener- 
ally deficient nature of the plateau soil with regard to nitrogen and 
phosphorous and the presence of adequate potassium. Even though the 
farmers may have understood the usefulness of fertilizer, its adoption 

was Slow due to the fact that fertilizer prices were high and difficulty 
was experienced in obtaining the necessary cash to invest in fertilizer. 

The annual imports of insecticides, fungicides, and herbicides 
was less than 2,000 tons. These chemicals were used by plantation farms 


and a few private commercial farms. 


Population Density in the Major Agricultural Areas 


At present, most of the settlements in Ethiopia are concentrated 
in the Highland regions, mainly in the central and eastern plateau. Suf- 
ficient precipitation for dry land farming, temperate climate for healthy 
habitation, and accessibility were the major reasons for such concentra- 
tion of settlement in the highland regions of Ethiopia. 

A study of the population densities of the major agricultural] 
regions (consisting of ninety-nine awrajas) revealed that nineteen of 


the awrajas had a population density of over fifty persons per square 
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kilometer; five subprovinces had over one hundred persons per square 
kilometer, seven subprovinces had twenty-six to fifty persons per square 
kilometer, and five subprovinces had sixteen to twenty-five persons per 


square kilometer (Figure 2.2). 


The Committee for Regional Planning 
Suggested that a population density of more than twenty persons per square 
kilometer would be too high considering the yield conditions of Ethiopian 
agriculture. 

A more informative picture is obtained from an investigation of 
the ratio of cultivated land to population. The following results were 
obtained from a study of fifty-eight awrajas in the major agricultural 
areas:¢ 

(1) 28 of the 58 awrajas had more than 4.8 persons per 

hectare of cropped area (0.2 ha./person). 

(2) 40 of the 58 awrajas had more than 3.9 persons per 

hectare of cropped area (0.25 ha./person) 

(3) 52 of the 58 awrajas had more than 3 persons per 

hectare of cropped area (0.3 ha./person). 

A conclusion of the Committee for Regional Planning was that 
about 75 to 80 percent of the awrajas covered by the study were at a very 
low subsistence level and inadequately nourished. This contention is 
Supported by Eichberger.> 


According to a preliminary investigation conducted by the Central 


l IEG Ministry of Planning, Regional Aspect of National Planning 
incPthitopias-Part yy, opsccd. 


2 Ibid., p. 30. 


3 W.G. Eichberger, Food Production and Consumption in Ethiopia 
(Addis Ababa: IEG Ministry of Agriculture, a ae 
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FIGURE 2.2 


POPULATION DENSITY BY AWRAJA, ETHIOPIA, 1966 


Source: IEG, Ministry of Planning and Development, Regional 


Aspects of National Planning in Ethiopia, Part I (Addis Ababa: Ministry 
of Planning and Development, toe 40; 
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Statistics Office, the northern provinces consisting of Tigre, Eritrea, 
and northern Wollo appear to be severely in food deficit because of 
highly depleted land and overcrowding. The food balance situation of 
the fifty-eight awrajas studied appears in Table 2a 
The preceding information suggests that agricultural expansion 
in the highland regions of Ethiopia, where the majority of the peasant 
population settlement is found, is not possible by annexation of more 
land. The low population areas of the south and southwestern provinces 


are remote and inaccessible at present. Extension of cultivation into 


these areas requires heavy investment in infrastructure. 


Spatial Distribution of Production 
In 1966 the actual area of land devoted to the production of the 


five grain crops under investigation was estimated to be 6.56 million 
hectares (Table 2.11). Available land use information indicates that 
each of the producing districts produced some of every commodity. The 
information also gave some indication of regional specialization, in 
that the proportion of land areas devoted to certain crops was much 
larger in some areas than in others. In 1966 about 44.5 percent of all 
the land used for wheat production was concentrated in three major areas: 
Shao-Arussi, the Shoa-Wollo-Gojam border area, and Tigre province. Of 
this, 54 percent was in the Shoa-Arussi area (Figure 2.3a). 

Barley production appeared tc be more widely distributed than 
wheat. The major barley producing areas consisted of the central high- 


land provinces of Tigre, Wollo, Begemdir, Gojam, Shoa, and Arussi 


| IEG Ministry of Planning, Regional Aspect of Planning in 
Ethiopia, Part f° p. 35. 
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FIGURE 2.3 


(b) Barley 
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REGIONAL PATTERNS OF CEREAL 
PRODUCTION, ETHIOPIA, 1966 
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TABLE 2.10 
FOOD BALANCE OF SELECTED SUBPROVINCES OF ETHIOPIA, 1966 


Category No. of Percent Explanation 
Subprovinces 


1 5 9 Over populated, very low diet, 
severe shortage often acute. 


2 7 12 Moderate to serious over- 
population, substantial deficit. 


3 23 39 Moderate population, moderately 
to marginally deficit, low 
calorie level. 


4 13 22 No apparent population problem, 


near balance food situation. 

5 6 9 No population problem, moderate 
surplus. 

6 5 9 Major surplus areas. 


Source: IEG Ministry of Planning, Regional Aspect of National 
Planning in Ethiopia, Part I (Addis Ababa: Ministry of Planning, August, 
1967), p. 35. 
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TABLE 2.11 
AREAS IN GRAIN CROPS AND PULSES BY PRODUCING REGIONS, ETHIOPIA, 1966° 


SE ee SS ss SS 
LT EEO eS es st 


Region Teff Wheat Barley Sorghum Maize All Pulses Total 
Millet 


SS eS NS 


(Thousands of Hectares) 


] yey 209 202% 59 0% 20.6 91.8 
2 61.0 40.5 66.0 259.0 g7 8 64.0 588 . 4 
3 405% 14.0* 750% iP. OF 1.0% OF5* 28.0 
4 4,5* 14.0* Pe 10% 1.0% 257 28.0 
2 24.0 43.0 46.6 Taal 15.8 1.9 153.4 
6 oo 52.4 153.4 Te5 isles, 29.0 ZOO 
7 48.2 46.5 19.2 16.5 30.0 54.6 215.0 
8 83.8 102.5 Aas 5a howe Soo 358.6 
9 38.1 191 20.4 73.8 P5766 2200 $23.0 
10 SPs) Seae 44 .3 SE )AG 83.6 8.6 231.4 
cm 17.3 730 14.4 SOUS 115.3 cal 205.6 
Us Os 3/1 116.8 [aed 17.4 Sige) 308.6 
13 87.5 UTI 82.6 48.2 ress, OIFzZ 341.9 
14 Ua) 56.0 68.2 14.5 (ES 109.4 373.0 
15 62.3 lee 4.5 67.4 eau 18.8 146.2 
16 86.8 24.0 120.4 15:31 66.8 $12.1 
W 464.9 59.6 2003 154.9 3016 / 107.4 1072.8 
18 182.0 she VAS 145.1 30.7 454.3 
19 31.0 7.4 42.0 Hien VE Be et 238.4 
20 2706 GH 63.4 hey 637 180.3 
2] 28.2 WSSb 64.3 119; 34.4 365.6 
22 166.6 6.9 65.4 18.5 3ofa 290.6 
Zo 63.0 4.7 1322 eee) Pleo 147.1 
24 43.1 34.8 40.2 45.4 1535 8.7 Petey) 
25 89.6 20 cs Do. 92.4 17.0 44.6 61S) 
26 28.2 612 29.7 3.6 20.1 12/0 9978 
oy 15,5 16.3 (Ae | 13.4 3.0 O.9t 254 
28 4.2 3.6 14.1 S062 PES 8.1 77.6 


* 
Represents estimates by the author. 


@ The estimates were based on information furnished by W.G. Eichberger, 
USAID, and by Central Statistics Office, Ethiopia (expansion survey to entire 
country). 


Source: C.J. Miller, et al., Production of Grains and Pulses in 


Ethiopia, Report No. 10 (Menlo Park, California: Stanford Research Institute, 
January, 1969), p. 127. 
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(Figure 2.3b). These regions accounted for about 66 percent of the total 
land area devoted to barley production in 1966. Teff production was con- 
centrated in the highland portions of Begemdir, Wollo, Gojam and Shoa with 
close to 60 percent being produced in the Gojam-Begemdir area (Figure 
2.3c). Major areas of corn production were Wollega, Kefa and northwest 
Sidamo region, and the Chercher Highland of Harargie Province. These 
regions account for 62 percent of the total area planted to corn in 1966 
(Figure 2.3d). 

Three major areas, namely the Chercher Highland in Harargie, the 
eastern half of Gojam, and the southwestern corner of Eritrea province, 
accounted for 49 percent of the land devoted to grain sorghum. More 
than 50 percent of the land area devoted to sorghum was in Harargie 


Province (Figure 2.3e). 


Interregional Commodity Flows 


Actual commodity flow information for 1966 was not available, 
but using the land use data available and assuming a fixed level of per 
capita demand for the respective commodities, a tentative surplus and 
deficit was calculated for each consuming region (Table 2.12). 

The Ogaden region consists of land areas too dry for crop farm- 
ing. Nomadic herding is the prevalent form of agriculture. Thus, this 
region shows substantial deficits for all the five crops under considera- 
tion. Bale, Arussi, west Chercher, Shoa south of Menagesh Awraja and 
Tigre produced surplus wheat while the rest of the country were in de- 
ficit. Barley was short of estimated demand in Sidamo, East Chercher, 
Dankil, central and north Shoa, Asab, and Eritrea. Teff production was 


less than the demand requirements in all regions but south Shoa, Wollega, 
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Gojam, Wollo, and Begemdir. Corn production was greater than the demand 

in Sidamo, south Shoa, Gemu Gofa, Kefa, I]lubabor, and Wollega. Grain 
sorghum production was in excess of demand in Chercher, I]lubabor, Wollega, 
Gojam, Gondar, and Eritrea. Shoa and Eritrea which contain the metropoli- 
tan areas of Addis Ababa and Asmara respectively showed consistent de- 
ficits in all crops. A very preliminary investigation by the SRI sug- 
gested that due to the high cost of transportation the movement of cereals 


were from the immediate areas. 


Land Tenure 

A considerable proportion of the cultivated land area is under 
tenancy. According to a survey of eleven provinces conducted by the 
Central Statistics Office, more than 40 percent of the holdings were 
tenant-operated in the provinces of Arussi, Gemu, Gofa, I]lubabor, Kefa, 
Shoa and Wollega and 37, 17, and 13 percent were tenant-operated in 
Sidamo, Wollo and Gojam provinces, respectively (Table 2.13). 

' The payments received by landlords vary from region to region 
and depend on the contribution the landlord makes to the operating 
capital (such as provision of oxen, seed grain, and other inputs). Nor- 
mally in the case of crop-share arrangements, the shares vary from one- 
third for land only to one-half for the provision of oxen plus other 
variable costs. The prevailing mode of payment in the major agricultural 
areas of Arussi, Shoa, Wollo, Tigre, and Begemdir is crop share (Table 
2.14). Cash payments appear to be important in the newly settled regions 
of the south (i.e., Gemu Gofa, Sidamo, Kefa, and I]lubabor). 


Communal ownership of land is a prevalent form of land tenure in 
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TABLE 2.13 


DISTRIBUTION OF LAND HOLDINGS BY TYPE OF s 
TENURE IN ELEVEN PROVINCES OF ETHIOPIA, 1969 


a ee AR a EST a 9 LD A EEE I ESSE SAS SE SSSA 
RR RI A SD SI EE SI 9A ECA A SEB I SEA EPIL EEE TER AE SEE OTE SS TS ATES 


Province Owned Rented Mixed Total 
(Percent) 
Arussi 48 45 7 100 
Begemdir 85 9 6 100 
Gemu Gofa 53 43 4 100 
Gojam 80 13 jy 100 
I1lubabor 25 73 2 100 
Kefa 38 59 S 100 
Shoa 33 DI 16 100 
Sidamo 61 ey) 2 100 
Tigre 75 7 18 100 
Wollega 4] 54 5 100 
Wollo 60 17 23 100 


@ The statistics do not include all of the subprovinces in each 
province, but reflect a sample survey. 


Source: IEG, Ministry of Land Reform and Administration, Report 


on Land Tenure Survey of Begemdir and Semen Province, (Addis Ababa: 
Department of Land Tenure, RAtTY 1970), p. 42. 
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DISTRIBUTION OF RENTED HOLDINGS 
BY MODE OF PAYMENT OF RENT, ETHIOPIA, 1969 


TABLE 2.14 


Mode of Payment of Rent 


Oy hice Cash Crop-Share Crop and Cash Others Total 
(Percent) 
Shoa 15.0 72.0 3.0 ~ 100 
Arussi 7.0 92.0 1.0 = 100 
Wollega 48.6 36.8 11.9 20 100 
Gemu Gofa 66.0 18 6.0 10.2 100 
Wollo 8.5 84.2 6.0 bea 100 
Sidamo 84.6 123 Bel ~ 100 
Tigre 5.0 89.0 530 ~ 100 
Kefa 63.9 8192 4.9 ~ 100 
I] lubabor 65.8 268 1991 - 100 
Begemdir 30.0 66.0 3.0 Lay? 100 
Source: IEG, Ministry of Land Reform and Administration, Report 


on Land Tenure Survey of Begemdir and Semen Province (Addis Ababa: 
Department of Land Tenure, ania 1970), p. 4. 
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some parts of the country. | This form of ownership is generally more 
prevalent in the provinces of Gojam, Begemdir, Tigre, Eritrea, and in 
part of Wollo. This type of ownership is a result of centuries of in- 
heritance practices in the old settlement areas of Ethiopia. There are 
many types of communal ownerships, usually varying from province to pro- 
vince. There is the village system of ownership, tribal ownership, 
extended family ownership, and others. The commonest form of communal 
Ownership is the extended family system which vests the rights in the 
land to an extended family consisting of all living descendants of the 
family founder, "Akni Abat."2 The rights are vested on a joint, but 
limited, basis. Each family member is granted a life interest. He may 
use a portion of the family lands for life, and the lands may be in- 
herited by his heirs but they cannot be disposed of by gift or sale and 
they cannot be mortgaged to secure a loan of any kind. A newcomer who 
claims descendency can be awarded the right to communal ownership after 
proving his descendency.° 

The second type of communal ownership most prevalent in the north 
permits a family member to work part of the family land for a certain 
number of years. After this time, there is a reassignment of the portion 


of land between family members, usually by elders in the community and/or 


: IEG, Ministry of Land Reform and Administration, Report on the 
Land Tenure Survey of Begemdir and Semin Province, (Addis Ay Depart- 
ment of Land tenure, January, 1970), p. 5. 


2 Through marriage relationships a given family may own communal 
land in more than one community. 


3 In certain areas of the north (Eritrea, in particular), unless 
a will exists to the contrary, daughters do not have the right to in- 
heritance. Communally owned land could also be disposed of by sale, 
mortgaged or given as gift. In case of sale, priority must be given to kin. 
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family and local government officials. The length of time that a farmer 
is allowed to cultivate the piece of land assigned to him may vary from 
three to seven years. This arrangement provides members with the oppor- 
tunity to use land that is more productive than the one alloted to them 
at present or vice versa. 

Nomadic grazing right is also a form of communal ownership usually 
encompassing a given tribe or community. A111 members of a tribe have the 
right to the grazing land in a given territory. Technically speaking, 
however, Ethiopian law does not bestow ownership of the land to the 
nomads but use right (usufructuary) only. With the extension of irriga- 
tion farming into the low land areas, this undefined form of tenure re- 


lationship may create some problems. 


Tenancy Problems 


The studies conducted by the land tenure department of the Minis- 
try of Land Reform in various parts of the country showed the prevalence 
of tenancy. Tenant operation, both in terms of number of farmers and 
size of cropped land, accounted for more than 40 percent of the total, 
excepting those provinces with communal ownership (Table 2.13 and 2.15). 
Written agreements between tenants and landlords were exceptions rather 
than the rule. Almost all agreements were verbal. In most instances, 
the tenant is at the mercy of the landlord. Eviction at the will of the 
landlord is common. The studies also point out that most landlord-tenant 


agreements, verbal or otherwise, are made for a duration of one growing 


IEG, Ministry of Land Reform and Administration, Report on the 
Land Tenure Surveys of Begemdir and Semen Province, p. 20. 
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TABLE 2,15 


DISTRIBUTION AND SIZE OF TOTAL 
CROPPED AREA BY TENURE, ETHIOPIA, 1969 


Owned Rented Mixed 
Province Hectare Percent Hectare Percent Hectare Percent Total Percent 


Shoa 314,836 28 618,409 55 191,144 7 1,124,379 100 
Arussi 85,313 83 112,255 50 26,941 12 224,509 100 
Wollega 103,034 46 100,795 45 20,159 9 223,988 100 
Gemu Gofa 30,168 49 28,811 47 2,/14 & 61,6093. 100 
Wollo 239,654 3861 56,109 14 96 ,596 25 392,354 100 
Sidamo 125,728 64 68,453 35 2,302 1 196,483 100 
Tigre 212,947 67 23,887 7 81,008 26 317,942 100 
Kefa 106 ,926 53 86,752 43 8,071 4 201,749 100 
I] lubabor 23,162 30 52,500 68 1,544 2 77,206 100 
Begemdir 252 ,069 98 3,077 1 1,282 ] 256,428 100 


Source: IEG, Ministry of Land Reform and Administration, Report on Land 
* Land 


Tenure Survey of Begemdir and Semen Province (Addis Ababa: Department o 
Tenure, January, rovoy, p. 43. 
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season. Aside from the constitution of the country which guarantees 

all citizens the due process of the law, there is no specific landlord- 
tenant relationship legislation. The constitution provides some protec- 
tion against undue abuse by the landlord, but even then the tenant is 
too weak both economically and socially to insist on his rights. Even 
after reform measures are instituted, there are several tactics (legal 
and illegal) that the landlord could employ to maintain his prereform 


] 


wealth position. According to Cheung: 


A legal restriction on the rental percentage will induce 

a variety of contractual rearrangements between the 

contracting parties to restore the equilibrium that 

had been arrived at by the market terms of soir Ne 

unless these rearrangements are prohibited by law. 

The tenant cultivator with insecure tenure has little incentive 
to undertake long term improvements on the land he cultivates. Also, 
his capacity to invest is seriously limited by high rents and limited 
access to credit. 

Crop-sharing tenancy also presents problems when costs are not 
shared between tenants and landlords or when shares are different for 


various enterprises. There is obviously incentive for missallocation of 


resources in such cases. 


Livestock Enterprises 


Since this study is concerned mainly with grain crops, only 


brief mention is made of livestock enterprises. This, however, should 


Steven N.S, Cheung, the Theory of Share Tenancy: With Special 
Application to Asian Agriculture and the First Phase oT laiwan Lan 


‘Reform (Chicago: University of Chicago Press, 1969), p. 88. 


2 Ibid., p. 88. 


“radorg. gmoe 2abt vor ott tae ont seoaetea 

2t Instat ond neds neve Jud’ ebtofbrst ants vd a 
nevi .2dipty abit Ao ‘detaat OF eihetsoe bas ith a ongs | 

fepel) eoftost Tereves ave averdd pbodws tient wile he 

_ mrotersiq 2tr nbetatem oF Yotams bfyod brofbaal ot ‘teat 
semua of en tba95A ‘sin 

soubnat [Ttw opadnsoreg Istnan ‘gas no not sab Seoh Maa ” 

aid nsauted etneme set Peutosiino> to ytety 7 

terit murrdt Finps ovdtast of 29tt15q pn ~ a 

2josyinos. to ened texremn ald yd ts beviwis need bet (a 

wet yd battdtdow sve etnemegnsyiss s2edt azelnu “ ., 

a4 ree | ‘ae 

avttngont sftstl esd syunst otwosent ddiw nosevistus Snstios nT ; Ry. e 

.o2tA  2etavidtuo of bas! odd no atnamavorgat ames gnot . 

bstimi! bas etaey dein yd beattatl. page “ seovat ‘ot wt 

| “i | Tibet por 

ton 918 23209. naAw amafidord etne297q ate yonarat oes 
qot tnevetitb ois essade nedw: 10, abrofbnst bas -einened ne t 

a ee ae 7 

to nottesof F ‘seztn VOT ovivngont vfauotvdo et shear eset rqrasne 2 


-eseeo douz mt 3 


+f 
x 


vino ,eqovs nistp diy bition et pr 2tns sonte. is it 


biueite .ravewor .2tdT <easteeahas dosent Soskem st not ingm 9 ~ 
| . 


57 


not be taken to mean that the livestock industry is unimportant to the 
Ethiopian economy. Future improvement in the diet of the people and 
increase in foreign trade will depend on the growth of the livestock 
industry as well as other agricultural developments. 

The estimated cattle population is about 25 million head. About 
two-thirds of these are found in the highland regions where livestock 
are normally kept as a secondary enterprise. Since livestock prices are 
too low in relation to grain crops, livestock cannot compete favorably 
with grain crops for land and other resources. Each household in the 
highland regions keeps a few animals for milk production, power and 
transport. Livestock are also kept for contingency purposes to be sold 
for cash when cash crops are not available for sale. The majority of 
the peasant farmers keep one to eight animals per household. No particu- 
lar attention is given to livestock grazing. Usually they are grazed on 


rough terrain and marginal land, fallowed land, and crop aftermath. 


Pasture Land 
A rough indication of grazing densities was made by the Committee 


l In the estimation of grazing 


for Regional Planning and Development. 
land, 0.7 to 0.8 hectares of graze per animal unit was assumed for the 
highland mixed farming area while the suggested area for the Rift Valley 


; Beat 
region was 1.3 to 1.6 hectares per animal unit. 


| IEG, Ministry of Planning and Development, Regional Aspects of 
National Planning in Ethiopia, Part I, p. 40. 


2'Animal units were defined as follows: 


Horses 1 animal unit donkeys 0.5 
Mules 1 animal unit sheep 0.2 
Camels 1 animal unit goats 0.2 


All cattle 1 animal unit. 
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TABLE 2.16 


CATTLE HERD SIZE BY PERCENT DISTRIBUTION IN SOME PROVINCES OF ETHIOPIA, 
1966 


Se se ene 
——————— Se ee pee 


Province Number of Cattle Per Household 
None 1-8 9-12 12+ 
(Percent) | 
Shoa 15 65 14 6 
Arussi 15 59 3 13 
Gemu Gofa 44 52 2 2 
Wollo 2 91 5 2 
Tigre 32 56 7 a 
Gojam 24 66 6 4 
0 


Wollega 30 49 1] ] 


Source: Gerald E. Marousek, et al., Development of the Ethiopian 
Livestock Industry, Report No. 7 (Menlo Park, California: Stanford 
Research | 


nstitute, January, 1969), p. 20. 


An index of grazing was prepared by the Planning Committee. The 
index expresses the total land area required for grazing as a proportion 
of the total land area (Appendix C, Table C-6). Assuming some 50 percent 
of the area not to be cropped, a figure of 50 percent indicates fully 
grazed pasture, depending on the carrying capacity of the soil, topography, 
etc. In the highland regions a large portion of the noncultivable land 
is also not fit for grazing. The effective grazing land is much smaller 
than that as indicated by the indicies of grazing. 

Using such a rough guide, about 60 percent of the area covered 
by the survey was severely to moderately overgrazed and certainly faces 
a possible danger of overgrazing. It should be understood that these 
figures are too crude to be used as a policy guide. However, they indi- 


cate the seriousness of the problem, which needs to be studied in depth. 
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Summary 


The fact that agriculture is the backbone of Ethiopia is indi- 
cated by the overwhelming dominance of agriculture in every sphere of 
life. In 1967, agriculture accounted for about 56 percent of the GDP 
of the country. Although the exact number of the labor force employed 
in agriculture is not known, the urban rural population ratio indicates 
that close to 90 percent of the labor force is directly or indirectly 
involved in agriculture. Ethiopia's foreign exchange is obtained almost 
exclusively from exports of agricultural commodities. 

Ethiopian agriculture is primarily subsistence agriculture and 
farming practices are quite primitive. Investments in farm tools and 
equipment are in the order of less than fifty dollars per farm. Animals 
are the major source of power on the farms. As a limited study in Ada 
(Central Highland) and Alemaya (Chercher Highland) indicated, the total 
farm investments for both crop and livestock enterprises averaged $1,286.00 
and $1,073.00, respectively. 

The average per holding cultivated area is generally small, 
ranging from 0.50 to 1.94 hectares on a provincial basis. Fragmentation 
of holdings is also widespread, averaging from two to three parcels per 
holding. The consumption of chemical fertilizers, pesticides, herbicides, 
fungicides, improved seeds, and irrigation water is at a low level or 
nonexistent. 

A considerable proportion of the land area cultivated is operated 
by tenants. On the average, about 40 percent of the farms were operated 
by full tenants in 1967. The prevailing mode of rental payments were 


crop-share. Varying from one-third to one-half of the crop, depending 
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on the amount of inputs contributed by the respective parties. Communal 
ownerships dominate in the northern provinces. Nomadic grazing is the 
prevailing type of agriculture in the lowlands. 

The position of tenants is extremely insecure. Written agree- 
ments are rare and when it exists, it usually protects the landlord's 
interest. Legislation specifying the landlord-tenant relationship does 
not exist at all. 

While agriculture is very important to the Ethiopian economy, 
its backwardness is also a major cause forthe plight of the people. 

The lot of the Ethiopian people cannot be improved if agriculture remains 


backward. 


ete 


250 qidenotds fev - varyhoage notgat 


pas | Nene | 


; Cons Gh = te 
yom eV at stud Tuotyes § i 
i A BG aR J 

-afqosq sit to tdptig a a 9259, robe 5 oefs "i 22 a 


2ntemat saus{ustpe Th bevorqat od toynes. et qosy retgonto3 ~) 


vi 


Td ie 


.yrionoos nBiqorida oft 02 dns 


ih / Am T ey Sew r | ; 


i A Vir Pe WON vee, nom 
“ih pad wenaee al 
r | ral ales cram | 
eer. snag 
aor RamnER suit | 

i hGHitin, Lee ened dake i ees aa 

ay dialled in Orns Rees wna MH eh ining 
| i. i ie 
eel mm sve’ sibag mato ne ie 
BRR i. enkilntatamy etrorekah 
fe of ita dete hin aia iesaialieaiate 


4 it 
Me nthe tne 


t 
’ 


¢ . | f ' ier 
iH : van 7 ' a 5 


CHAPTER III 
CHARACTERISTICS OF THE DEMAND FOR FOOD (WITH PROJECTIONS FOR 1980) 


There are several important factors that affect the demand for 
agricultural commodities. The more important ones are population, in- 
come, urbanization, education, and prices of the product in question 
and substitutes. 

In underdeveloped countries where per capita income is quite 
low, the demand for food increases in almost direct proportion to increases 
in per capita income. Population growth also increases the demand for 
food in direct proportion. Thus, in underdeveloped countries, the two 
effects reinforce each other. As a nation develops, however, the expan- 
sion in food demand due to income increases becomes less important. Food 
habits or expenditure patterns also change with increases in income. As 
their income increases, people in underdeveloped nations will shift more 
and more towards purchasing the meat, eggs, fish, milk, fruits and vege- 
tables they wanted to buy when their incomes were low. Thus their diet 
will constitute less cereals. The absolute amount of cereal consumption 


might, however, increase due to population growth. 
Regional Demand Estimates 


The estimation of regional demands for the five commodities under 
consideration has a direct bearing upon the spatial allocation of pro- 
duction in the programming models. These demands are minimum require- 
ments of the relevant products which must be produced and allocated by 


activities in the models. Activities are then selected which will fulfill 
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all demands at a minimum cost. 

For this study, regional demands were estimated for each commodity 
(Table 3.1). The demand for the commodities include personal consumption, 
industrial uses and net exports. Industrial demands were included in the 
region where the industries were located and exports were allocated to 
regions where sea ports are located. Industrial demands found to be 
significant were beverage processing located in Addis Ababa and Asmara 
and flour mills again concentrated in Addis Ababa and Asmara. Production 
in regions not included in a district were subtracted from the estimated 
demand. The producing districts included in each consuming region are 
Shown in Table 3.2. 

The demands for the various commodities were given in fixed 
quantities for each region. To determine the level of demand for each 
commodity. the following important assumptions were made: 

1. That the food habits of people in all regions are the same 

(i.e., the proportion of each crop consumed are the same 
for all consuming regions). 

2. That relative prices remain constant. 

3. No carry-over of commodities from one year to another. 
Because of the difficulties mentioned above, the demand estimates were 
based on the national per capita disappearance of the various commodities 
in 1966. ! The per capita disappearance figures were then multiplied by 


the number of people in each consuming region. 


| The researcher understands fully the shortcoming and crude 
nature of the method employed; but under the circumstances the only 
feasible way of estimating demand for the various commodities appear to 
be per capita disappearance. 
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TABLE 3.1 


POPULATION NUMBER AND FOOD CONSUMPTION 
IN ETHIOPIA BY CONSUMING REGION, 19664 


SSS ti eS tS 
SS ht ste SS SY 


Consuming Population Wheat Bar ley Teff Corn Grain 
Region Sorghum 


SS 


(Thousand Quintals) 


] 644 ,000 200.61 Ul WUSLOs: 478.17 910,95 284.67 
2 156,500 48.75 26.98 116.20 142.70 182.98 
5 1,1490,600 464.32 249.02 1,079.84 1,282.23 1,742.81 
& 1,088 ,000 338.91 18//.57 807.84 992.04 1,272.09 
5 1,288 ,000 400.12 202,13 949.20 1,098.05 Gs7 200 
6 1,030,400 341.17 1 ey RAN (51.83 863.17 736.44 
7 257,600 80.24 44,4) WS.27 234.88 S019 
8 3,274,000 1,297.02. 6,436.13 -2,430,95 2.985.323 35027 .90 
9 711,000 221.48 22-58 52.79 648.29 831.30 
10 823,200 256.43 141.92 611.23 790.59 962.49 
1] 669 ,000 208.39 115.34 496.73 609;.99 782.20 
12 642,700 200.20 110.80 477.2) 586.01 751.45 
US) 1,394,200 434.29 ZA0756" VIS0sor10" MSZ recs 1,630.10 
14 1,543,700 480.86 266213 walk, 146,20) 91,407.55 1,804.89 
15 3,055,500 OBO DLO aI. eee ere alee socal Bock OA | 
16 i,3c0, 700 363.40 207.93 923.00° 1,204.21 1,423.76 
17 2,299 ,800 608.79 210.14 1,630.98 1,944.49 2,458.96 
18 24,981 7.94 4.54 15500 77.87 29.08 
12 1,502,419 513420" 6,129. 019% Jotlou55 © 1,344.91 320.83 
TOTAL 23, 176.300 7,417.91 15,487.01 16,560.94 20,682.10 Za, so0eo4 


A 


2 Consumption for various regions was based on the national per capita 
disappearance of commodities in 1966. 
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TABLE S42 


CROP PRODUCING DISTRICTS WITHIN EACH CONSUMING REGION, 
ETHIOPIA, 1966 


Consuming Crop Consuming Crop 
Region Producing Regions Producing 
District District 
1 - 11 1] 
2 3,4 12 19 
3 9 13 18,20 
A 5,6 14 12 
5 2 15 14,15,16,23 
6 ] 16 Zl ae 
7 - 7 24,25,26 
8 12,18 18 - 
9 8 19 27,28 
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A demand function that takes not only population, but also income, 
relative prices, and regional consumption habits into consideration would 
have been preferable and might have produced a more reliable prediction. 
However, in a country where more than 80 percent of the amount consumed 
by greater than 80 percent of the population is home produced, the task 
becomes quite formidable, if not impossible. No reliable information 
is available to enable one to develop a demand function that will 


reflect the consumption and expenditure habits of the Ethiopian people. 
Per Capita Demand Projections for 1980 


Changes in the structure of demand are likely to occur with in- 
creases in the per capita income. However, it was assumed that the in- 
crease in the per capita demand for all cereal crops under consideration 
to 1980 would be a function of income changes alone, and would be the same 
for all regions, (i.e., the demand for all the cereal crops would increase 
by about the same percentage in all regions and for all five cereal grains). 
Thus, total output would need to be increased in about the same proportion. 


In general, a consumption function can be expressed algebraically 


as follows: | 
sae Ran 
C, = AYP. (3.1) 
where: 
C, = per capita food consumption for year t, 
Y, = per capita gross domestic product for year t, 


| There is really no strong methodological reason for selecting 
this functional form over other functions. In budget data analysis, 
however, the double logarithmic function has the practical advantage 
that the regression coefficient is equal to the elasticity coefficient. 
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P. = relative food price in year t, 


n = income elasticity of demand, 
m = price elasticity of demand, and 
A = constant or scale factor. 


Rewriting equation (3.1) for the initial period, year 0: 


C, = AYSPO (3.2) 
where: 
pS = per capita gross domestic product for the initial 
period (1966), 
CO = average per capita consumption during the initial period 


(1966), and 
C, Yes n, and m are as defined in equation (3.1). 
Dividing equation (3.1) into equation (3.2) give the following relationship: 


n P, m 


Eyus( Ey (353) 


Cc, = C(— 
8) te 


i 
Assuming that relative prices remain constant, equation (3.3) reduces to 


the following formulation: 
Geter) (3.4) 


Per capita domestic product was assumed to increase at a constant 
rate between period 0 and t (4.5 percent per annum; see Table Sa) ae ne 
dustrial and export demands for cereals were assumed to increase by the 
same proportion as consumer demand. Income elasticities used in this 


projection were obtained from FAO estimates (Table 3.3). Given the above 
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TABLE 3.3 


ESTIMATES OF INCOME ELASTICITIES FOR 
WHEAT, BARLEY, TEFF, CORN, AND GRAIN SORGHUM, ETHIOPIA, 1968 


Crop Income Elasticity 
Wheat +0.70 
Barley +0.40 
Teff* +0.70 
Corn +0.40 
Grain Sorghum +0.40 


2 Estimate provided by the author. 


Source: FAO, Agricultural Commodity Projections, 
1970-1980, Vol. II (Rome: FAO, 1971), p. ron, 


TABLE 3.4 


PROJECTED PER CAPITA GROSS DOMESTIC PRODUCT FOR ETHIOPIA® 


Year 


Population GDP Per Capita GNP 


(Millions) (Eth. $ Million) (Eth. $) 
Zain 3,388 146.0 
Chk 4,851 7 oO 
30.6 5,938 194.0 


Le 


2 Rate of growth in Gross Domestic Product was estimated to be 


4.5 percent per annum. 
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conditions, equation (3.4) was used to project per capita demand for 


each cereal crop under consideration (Table 3.5). 
Projections of Population and Aggregate Demand 


There are as many estimates of population growth for Ethiopia 
in the 1970's and 1980's as there are estimators. The available data 
for the 1960's show that the population has been growing at an increasing 
rate. Estimates generally have ranged between 2.0 percent and 2.6 per- 
cent per year. 

FAO estimated a 2.2 percent rate of population growth for the 
1966-1975 period and a 2.4 percent rate for the 1975-1980 period. Such 
increases would probably be considered too high for a world that is pre- 
occupied with the problems of popualtion explosion, but studying the 
characteristics of the Ehiopian population suggests that these probably 
are conservative estimates. About 52.4 percent of the total population 
was less than twenty years of age in 1963 (Table 3.6). For the next few 
decades at least, the number of women of child bearing age will be growing 
at an increasing rate. A high birth rate and the miracle of modern 
medicine could make the rate of population increase higher than expected. 
FAO estimates were used for this study (Table 3.7). 

Projections of population and gross domestic product data were 
made using exponential growth functions. That is, 1966 data for popula- 
tion and gross domestic product were multiplied by constant national 
growth factors as indicated below in equations 3.5 and 3.6, respectively. 


pe lisa (3.5) 


G. = G, (1+r)" (3.6) 
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Crop 


Wheat 
Barley 
Teff 
Corn 


Grain Sorghum 


1966 


Sp. 1D 
17.24 
74.25 
91.18 
116.92 


1975 
(Ki lograms ) 
35 93/ 
18.54 
84.29 
98 .04 
125.70 


1980 


38.01 
19), 32 
90.59 
102.20 
131.00 
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ESTIMATED POPULATION OF ETHIOPIA BY AGE GROUP AND SEX, 1967 


Total Population 
Total Percent 


4 


16.7 
10.3) 


oO 
Nn SS fF 


— 
Dn jo + 


100.0 


Number 


Male 


Percent 


(Thousands of People) 


2116. 
2046. 
133i. 
1009. 
736. 
855. 
824. 
7.30, 
586. 
414, 
417. 
cic. 
625. 


11965. 


0 
9 


0 


Lia 
Wel 
Mitel 

8.4 


100.0 


Number 


2034. 


1901 


1068. 
904. 
1021. 
Ui erage 
098. 
681. 
652. 
Sali 
394. 
143. 
458. 


11702. 


4 


Ww 


4 


Female 
Percent 


17.4 
16.3 


“Ss 
e 
| 


100.0 


re ne ee 


Age Group 
0-4 4150. 
5-9 3948, 
10-14 2400. 
15-19 1914. 
20-24 1757; 
25-29 TT? 
30-34 1823. 
35-39 1411. 
40-44 1238. 
45-49 735. 
50-54 Billa. 
55-59 415. 
60 and over 1081. 
TOTAL 22667. 

Source: 


IEG, Central Statistics Office, Ethiopia: Statistical Abstract 
of 1967 and 1968 (Addis Ababa: CSO, 1968), p. 27. 
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TABLE; 3.7 


ESTIMATED POPULATION BY CONSUMING REGION, ETHIOPIA, 
1966, 1975, and 1980 


Region 1966 1975 1980 


(Thousands of People) 


] 644.0 784.1 882.8 

Z 156.5 190.5 214.5 

: 1490.6 1816.0 210120 

4 1088.0 1325.0 1491.0 

5 1288.0 1572260 177020 

6 1030.4 1254.0 1412.0 

7 257.6 314.9 354.5 

8 3274.0 3986.0 4502.0 

9 alia al’) 865.8 977.0 

10 Oc snc 1000.0 1126.0 
1] 669.0 814.5 917.0 
12 642.7 784.7 883.5 
13 1394.2 1697.0 1911.0 
14 1543.7 1879.0 (Ad oy) 
15 3056.5 3719.0 4188.0 
16 320 ae 1608.0 1810.0 
17 2259.8 2752.0 3098.0 
18 Z5eC 30.4 34.2 
19 1502.4 1829.0 2059.0 
20229.7 27468.6 31846 .5 

@annual Growth Rates were obtained from FAO estimates: 
1966 - 1975 = 2.2% 


1975 - 1980 = 2.4%. 
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where: 
Pir is projected 1980 population in the ith consuming region, 
Pe is the estimated 1966 population of the ith consuming region, 
Gy is projected 1980 gross domestic product, 
t is estimated 1966 gross domestic product, 
n is the time interval between the initial period and the 


year for which projection is made, and 


r is the annual national growth factor. 


Aggregate demand was determined by multiplying the projected per 
Capita demand of 1980 by the number of persons in each consuming region 


using the following equation (Table 3.8): 


DyRRT. SRT IT na) 
where: 
Dit is aggregate demand in 1980 for the kth product for the ith 
consuming region, 
Cer is projected 1980 per capita consumption of the kth product, 
and, 
P is as defined above. 
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TABLE 3.8 


PROJECTED DEMAND FOR WHEAT, BARLEY, TEFF, CORN, 
AND GRAIN SORGHUM BY CONSUMING REGIONS, ETHIOPIA, 1980 


Region Population Wheat Bar ley Teff Corn Grain 
1980 Sorghum 


(Thousands of Hectares) 


] 882.8 335255 170.56 199.73 9OZuCe 1156.47 
2 214.5 Solos 41.44 194.32 219.22 281.0 

S 2101.0 798.59 405.91 1903.30 2147.22 2752.31 
a 1491.0 566.73 288 .06 1350.70 1523.80 1 R657 
5 1770.0 672.78 341.96 1603.44 1808.94 2318.70 
6 1412.0 562.16 2/2260 1279.43 1443.06 1849.72 
7 354.5 134.75 68.49 321.14 362.30 464.40 
8 4502.0 2050.71 7444.79 4078.36 4601.04 5897.62 
9 50 371.36 . 188.76 885.06 988.49 1279.87 
10 1126.0 427.99 217.54 1020.04 1190.77 1475.06 
VW 91720 348.55 177.16 830.71 O37 ST P20) 27 
We 883.5 SBM 8 170.69 800. 36 902.94 157.39 
13 1TTZO 726.37 369.21 LD ASA RAUL 1953.04 2503.41 
14 CMa. 803.91 408.62 1915.98 2102.00 2710.05 
15 4188.0 1591.86 809.12 3793291 4280.14 5486.28 
16 1810.0 687.98 349.69 1639.68 1849.82 SV ATANG 
17 3098.0 1180.52 96.00 2806.48 3166.16 4058.38 
18 34.2 13.00 6.60 30.98 34.95 44.80 
12 2059.0 840.01 6972.80 1865.25 2104.30 ZO91 «29 


TOTAL 31846.5 12530.17 19302.73 28849.74  32537.11 41718.93 
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CHAPTER IV 


REGIONAL PRODUCTION AND TRANSPORTATION 


Producing Districts and the Criteria of Partitioning 


The interaction of topography, climate, and soil largely deter- 
mines the pattern of land use. The intensity and distribution of rain- 
fall, soil fertility and structure, elevation, slope, temperature and 
day length all contribute to the ecological system of an area or region. 
In each region, the range of crops which may be grown is generally in- 
fluenced by local conditions. 

Producing districts are the basic units of analysis in inter- 
regional competition analysis. Resource restraints and producing activi- 
ties are defined for each district. Production contributes to supply in 
the consuming region in which the producing district is located. A set 
of yield figures which were assumed to be fixed and known in quantity, 
were determined for each producing district. The country was divided 
into producing districts based on the following criteria: (1) soil 
fertility, (2) precipitation, and (3) general elevation. 

Conceptually, each small community or farm in the nation can be 
considered a separate producing unit, and supply and demand for factors 
and products can be estimated for each farm. | An interregional competi- 
tion model that involves a large number of small regions requires a lot 


of time, effort, and resources. Most programming analyses use large 


| Randolf Baker, "The Estimation of Regional Supply Functions," 
in Interregional Competiton Research Methods, edited by Richard A. King 
(Raleigh: N.C. State of UNC, 1963), p. 161. 
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geographical regions as producing units. ! Production coefficients are 
derived for each producing district. The basic assumption is that these 
regions are internally homogenous. 

For this study, each producing district was assumed to be potenti- 
ally suitable for the production of all the crops under investigation. 
However, production activities were defined for each district only if 
land use data for 1966 showed some acreage devoted to the particular 
crop in that year or if experiment station trials indicated its adapt- 
ability to the area (Table 2.11). The total hectares used for the pro- 
duction of wheat, barley, teff, corn and sorghum in 1966 in each region 
were used as land resource constraints (Table 4.1). 

The soil fertility indices used were obtained from the study done 
by the Ministry of Planning and Development ..° Values of zero to ten were 
assigned as a rough approximation of the fertility of the soils in each 
Awraja (Figure 4.1). In assigning these values as fertility indicators 
of the soils in each Awraja, account was taken also of relief, irrigability, 
drainage and erosion.> 

Information on rainfall] and general elevation was considered in 
the regionalization of the country. This method of dividing the country 
into producing districts overlooks the influence of micro-climatic and 


physiogrpahic conditions which significantly affect crop production and 


\ Earl 0. Heady, "Aggregation and Related Problems in Models for 
Analysis of Interregional Competition," in Interregional Competition 
Research Methods, edited by Richard A. King (Raleigh: N.C. State of UNC, 
1963), p. 29, 


2 IEG, Ministry of Planning and Development, Regional Aspects of 
National Planning in Ethiopia, Part I, p. 24. 


3 tbid., p. 25. 
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FIGURE 4.1 
SOIL FERTILITY INDEX BY AWRAJA, ETHIOPIA, 1966 
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Source: IEG, Ministry of Planning and Development, Regional 


Aspects of National Planning in Ethiopia, Part I (Addis Ababa: Ministry 
of Planning and Development, (1967), p. 25. 
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TABLE 4.1 


HECTARES OF LAND IN WHEAT, BARLEY, TEFF, CORN AND 
GRAIN SORGHUM BY PRODUCING REGIONS, ETHIOPIA, 1966° 


Producing Area Producing Area 
Region Region 


(Thousands of Hectares) 


] 91.8 15 127.4 
g 524.4 16 245.3 
3 Chis Wi 965.4 
a a prs) 18 423.4 
5 141.5 19 22023 
6 £20 a0 20 IZ356 
7 160.4 2] OG ve 
8 305.4 (Me 297.4 
9 308.5 23 Plgre 
10 222.0 24 179.0 
1] 190.5 (5) C10 
12 254.9 26 87.8 
13 266.2 27 76*3 
14 26350 9 


28 69. 


4 The estimates were based on information furnished by W.G. 
Eichberger, US AID/E, and by Central Statistics Office, Ethiopia 
(expansion survey to entire country). 


Source: C.J. Miller, et al., Production of Grains and Pulses in 
Ethiopia, Report No. 10 (Menlo Ps Park, Ca ifornia: tanford Researc 
Institute, January, 1969), p. 127. 
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adaptation. Unfortunately, studies which employ broad geographical areas 


usually overlook details that are otherwise important. 


Reference Yield Determination 

Yield information is one of the crucial coefficients in inter- 
regional competition analysis. The models used in this study were built 
on the assumption that each producing district differs in its agricultural 
characteristics from other producing districts. This fact is usually 
reflected either in per hectare yield differential or in per hectare 
cost differential for the same quantity of output. 

The reference yield data were obtained from the results of the 
FAO Freedom from Hunger Campaign fertilizer trials conducted in the major 
agricultural areas of Ethiopia (Table 4.2). Since data for 1966 or prior 
to 1966 were not available, the reference yield represented a weighted 
average of the check yields of the three yearly trials between 1967 and 
1970 (1967-68, 1968-69, 1969-70). The weights used were the number of 
observations in each district. In districts where trial results 
were not available for certain crops, yields from adjacent regions were 
used. 

A word of caution is in order here. In using these data, it was 
assumed that the areas selected were representative of the region in 


which they were located. However, this assumption has not been tested. 


Yields with Fertilizer Application 


Improved cultural practices such as the application of fertilizer, 
use of improved seeds, application of pesticides, implementation of 


irrigation, and overall improvement of general farm management practices 
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TABLE 4.2 


AVERAGE REFERENCE YIELD FOR WHEAT, BARLEY, TEFF, CORN AND 
GRAIN SORGHUM BY PRODUCING REGIONS, ETHIOPIA, 1966 


Producing Wheat Barley Teff Corn Grain 
Regions Sorghum 


(Quintals per Hectare) 


] 120 10.5 iris; ee Cae | 
2 i: 10.5 [pee Er.0 heg: 
5 11.0 10.7 8.0 10.0 oh) 
4 TRO 1057 8.0 10.0 shod 
5 11.0 Tee 7 Jess) Lee Ioay 
6 12.0 15.4 735 11.0 19e7 
7 Leo 14.3 8.4 16.1 10.0 
8 8.9 VOtS 7.0 20.6 10.0 
! eg 8.8 0 1653 10.0 
10 wt) 8.8 11.0 18.3 10.0 
11 6.3 10.0 7.6 28.6 10.0 
12 8.0 iz .8 753 17.0 10.0 
13 nl 8.7 TESS. 14.5 10.0 
14 11.4 3t0 14.6 13.0 22.0 
15 o.0 10.0 WAT 13.0 22.8 
16 6.0 10.0 5.6 13.0 26.4 
WW Dee ie 6.9 Li 20.0 
18 13.4 18.7 Sus 18.2 20.0 
19 13.4 13.7 9.0 12 20.0 
20 13.4 3, 7 Re 182 20.0 
2] Wat 12.4 o.9 14.0 14.0 
22 12.7 12.4 ose 14.0 14.0 
23 138 Was 16.7 24.6 14.0 
24 Wee 15.2 Bec 14.0 14.0 
25 8.1 GPS 7.6 14.0 14.0 
26 8.0 14.3 oes 14.0 14.0 
aa 92 10.4 5.0 10.0 14.0 
28 9.2 10.4 Deu 10.0 14.0 


i 


Source: IEG, Ministry of Agriculture, Extension Service and FAO, 
"Freedom from Hunger Campaign: Fertilizer Demonstrations Programs, 
1967/68, 1968/69 and 1969/70," Addis Ababa, n.d. (Unpublished Reports. ) 
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increase crop yields markedly. Experience in many countries has shown 
that such practices have more than doubled production of certain crops. 

In Model II fertilizer responses were programmed to determine 
the impact of improvements in farming practices. Since information on 
responses to other improvements are very limited, no attempt was made 
to include such changes. The dataon fertilizer application appeared 
to be more reliable. 

The fertilizer response data were obtained from the same source 
as the reference yields (Table 4.3). The same three-year averages were 
used as coefficients of productivity. The optimum level of application 
cannot be determined as therewas only one level of application. The 
tests were conducted for nitrogen, nitrogen-phosphorous, and nitrogen- 
phosphorous-potassium. Best results were obtained for 40-46-0 levels 
of fertilizer for wheat, barley, teff, and grain sorghum and 60-69-0 
for corn. Nitrogen was applied in the form of urea and phosphorous was 


applied as triple super phosphate. 


Cost of Production 

The objective of the interregional model is the minimization of 
the linear summation of the cost of production plus transportation. 
These costs must be estimated as accurately as possible. Cost coefficients 
are the most critical data to be estimated before one proceeds with the 
analysis of interregional competition. To do a creditable job, some 
acceptable and consistent technique of estimating costs must be devised. 
In interregional competition analysis, the absolute value of costs is 
not as important as the relative values of the cost coefficients. One 


should try to maintain the proper relationships between costs of production 
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TABLE 4.3 


YIELD OF WHEAT, BARLEY, TEFF, CORN, AND GRAIN SORGHUM 
WITH FERTILIZER APPLICATION, BY PRODUCING REGION, ETHIOPIA, 1967-70 


Producing Wheat Barley Teff Corn Grain 
Regions Sorghum 


(Quintals per Hectare) 


1 26.0 17 16 27 44 
2 26.0 17 16 27 40 
3 14.0 16 9 32 32 
4 14.0 16 9 32 32 
5 19.0 25 13 27 40 
6 19.0 25 13 45 40 
7 17.0 22 18 27 17 
8 18.0 17 14 4) 33 
9 18.0 15 14 39 32 
10 18.0 20 14 39 32 
1] 13.0 20 17 48 32 
12 16.0 20 14 39 39 
13 12.0 18 15 32 31 
14 17.0 18 17 16 31 
15 11.0 18 27 16 30 
16 14.0 25 15 16 30 
17 14.0 25 15 50 30 
18 23.0 18 17 32 39 
19 23.0 18 17 32 32 
20 23.0 18 17 32 32 
2] 9.0 20 1 27 2] 
22 9.0 20 10 27 2] 
23 14.0 24 19 17 39 
24 15.0 24 8 17 39 
25 14.0 12 15 17 36 
26 14.0 24 13 17 36 
27 12.0 12 5 17 44 
28 12.0 12 5 17 44 


Source: IEG, Ministry of Agriculture, Extension Service, and FAO, 
"Freedom from Hunger Campaign: Fertilizer Demonstration Programs, 1967/68, 
1968/69, and 1969/70, 1970/71," Addis Ababa, n.d. (Unpublished reports); 
IEG, Institute of Agricultural Research, Progress Report for the Period 
April, 1970 to March, 1971 (Addis Ababa: Bato Research Station, April, 

; IEG, Institute of Agricultural Research, Progress Report for the 


Period April, 1969 to March, 1970 (Addis Ababa: Holeta Guenet Research 
Station, May, 1970). 
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of different districts and different crops. 

Carleton D. Dennis | lists three approaches for estimating costs: 
(1) experimental, (2) statistical, and (3) synthetic. The first approach 
requires conducting controlled experiments and keeping records of the 
final product. The second approach uses time series data which are ob- 
tained from firms. The third method involves the synthesizing of an 
input-output relationship from production records and using engineering 
techniques to measure labor and equipment requirements. The following 
methods were used for this purpose: (1) budget analysis, (3) engineering 
cost functions, and (3) farm synthesis. The budget analysis involves 
the definition of the kinds and quantities of products to be processed 
and the development of a budget based on estimates of quantities and 
costs of inputs and expected outputs. The budget method uses input- 
output ratios in physical terms with appropriate prices applied to convert 
to costs. For this study, the budgeting procedure was used to arrive 
at cost figures for each crop enterprise and district. Detailed budgets 
were prepared for each district and crop for 1966 using whatever informa- 
tion was available. 

The cost estimates for this study included annual charges of 
depreciation, equipment replacement costs, interest on capital invested, 
maintenance costs, labor and power costs, seed costs, costs of fertilizer 
and other factors of production used in each district. All these costs 


were converted on a per hectare basis. 


| Carleton D. Dennis, “Processing Cost Estimation in Studies of 


Interregional Competition," in Interregional Competition Methods, edited 
by Richard A. King (Raleigh, N.C.: N.C. State = UNC, 1963), p. 184. 
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The costs of production were divided by activities for ease of 


calculation and comparability. Production costs were subdivided further 


as yield dependent and yield independent. | 


The yield independent crop production costs were: 


Me 
a 


3 
4. 


Pre-planting cultivation costs, 
Planting costs, 
Cultivation cost, and 


Crop management costs. 


The cost contributing factors were the efforts required for each operation, 


the number of repeated operations, the associated wage scale and other 


costs for labor, the costs of equipment and animal utilization, and the 


cost of seeds and fertiliZers. 


The yield dependent crop production costs associated with peasant 


farming practices were: 


1 


> Ww PP 


Os 


Harvesting costs, 

Threshing costs, 

Sacking and handling costs, 
Crop storage costs, and 


Transportation cost. 


Labor cost included both imputed and actual cost. In calculating 


labor costs one can use opportunity cost, but in underdeveloped areas like 


Ethiopia, the opportunity cost of labor in agriculture is near zero be- 


cause the opportunity for employment outside of agriculture is very 


limited. 


Therefore, from society's point of view, one can assign a zero 


Miller, et al., Systems Analysis Methods for Ethiopian Agriculture, 
Vol. 1sspp. .2l)-=218. 
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price for operator and family labor. But in interregional analysis, 
where interregional as well as intercrop comparisons are to be made, it 
is essential to include all actual and imputed costs since it can make a 
difference when comparing the comparative advantage of each region in 
the production of each crop. Since competition between crops exists, 
opportunity cost for intercrop comparison is not zero. 

A charge of one dollar per day was made for all labor that was 
used in the production of crops in all districts. A charge of $1.50 
per day was made for the services of a pair of oxen. This labor charge 
could be considered a subsistence wage without which labor cannot exist. 
Since a great deal of human labor and effort is used in crop production, 
the greater portion of the cost is labor cost and other noncash charges 
like depreciation and interest on investment. Cash expenses account for 
an insignificant proportion of the total cost of production under current 
practices. The study by the Stanford Research Institute showed that 
costs of purchased inputs averaged $44.30, ranging from $12.00 to $84.00 
(Table 2.6). 

Depreciation allowance per acre was calculated for each district 
on the basis of the average cultivated area per holding in each district 
(Table 4.4). A crucial assumption made here was that the typical farmer 
in each district would have the assets listed in Appendix C, Table C-3. 
The estimated depreciation charge per farm was divided by the cultivated 


area per holding. 


Tees Estimated depreciation per holding 


1 Number of hectares cultivated 
The depreciation charge was assumed to be same for all crops in a given 


district. Repair and maintenance was estimated to be 3 percent of the 
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Original cost of assets. Representative estimated reference costs of 


production are provided in Table 4.5. 
Cost of Production With Fertilizer Application 


The rate of increase in fertilizer use has been quite slow and 
without any obvious pattern. At present, all the supplies of commercial 
fertilizer are obtained from foreign sources. Dealers are located only 
in Addis Ababa and Asmara. According to the Stanford Research Institute 
Study, imports consisted mainly of amonium sulfate, nitrate, urea, and 
mixed chemical fertilizers. | The report also indicated that prices at 
the port of entry were high but comparable with those countries dependent 
On imported materials. However, the high cost of internal transport 
Significantly increased prices to inland growers. 

The fact that the distribution centers are limited makes the 
procurement of fertilizer in small quantities by the peasant farmer quite 
difficult. With improved transportation and when the demand justifies, 
outlets could be widely spread in the country, thus making prices more 
attractice. The prices used here are imputed prices which were developed 
by Getachew Tecle Medhin for the various regions of Ethiopia and have 


@ 


been modified to fit this analysis (Table 4.6). According to Tecle 


Medhin's analysis, the cheapest source of supply was Asmara (for the 


northern provinces of Eretrea, Tigre, Wollo and Begemdir). The remaining 


H.M. Benedict and S.A. Cogswell, Potential Fertilizer Demand 
in Ethiopia, Report No. 1 (Menlo Park, California: Stanford Research 
Institute, April, 1968), p. 5. 


¢ Getachew Tecle Medhin, "An Economic Appraisal of Fertilizer 
Use in Ethiopia" (unpublished Masters Thesis, University of Alberta, 
Edmonton, 1972), p. 65. 
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TABLE 4.5 
REPRESENTATIVE REFERENCE COST OF PRODUCTION FOR WHEAT, 
BARLEY, TEFF, CORN, AND GRAIN SORGHUM BY REGION, ETHIOPIA, 1966 
Producing Wheat Barley Teff Corn Grain 
Region Sorghum 


(Eth. $ per Hectare) 


] 280 282 326 269 290 
fe 171 166 212 155 170 
S) 157 157 206 147 146 
4 15] 157 206 147 146 
5 208 206 253 196 212 
6 167 170 212 153 189 
7 146 153 183 146 13] 
8 220 ZA, 248 228 208 
9 366 370 419 367 38/ 
10 oO? 309 409 356 348 
Ti 182 179 200 195 168 
Ue 175 Ws 224 175 165 
Ts 188 188 238 186 178 
14 263 264 312 250 266 
15 265 265 S27 256 aye 
16 228 229 ale) 220 246 
ites 219 gag 268 240 23 
18 230 238 272 220 198 
19 195 196 263 176 153 
20 249 205 24) 240 246 
2] 211 210 259 178 198 
2c 211 209 245 197 198 
o3 200 ZN5 264 211 196 
24 197 203 Coy 187 188 
25 185 183 233 Ws 178 
26 00 547 of] 527 528 
27 336 290 430 365 379 
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TABLE 4.6 


PER HECTARE COST OF FERTILIZER BY 
PRODUCING DISTRICTS, ETHIOPIA, 1966° 


St Ss i st ti nsenssennereeehceses 
RSS is tenes 


Region Corn Other Crops 
(Eth. $) 
] 121.00 80.00 
2 117.00 77.74 
S 121.00 80.35 
4 121.00 80.35 
5 120.00 79.61 
6 114.00 75.86 
7 113.00 IS a 
8 115.00 © 76.43 
9 121.00 80.36 
10 121.00 80.36 
11 117.00 TEA 
12 117.00 77.74 
13 121.00 80.36 
14 112.00 74.61 
15 107.00 70.86 
16 131.00 87.08 
17 121.00 80.49 
18 120.00 79.61 
19 146.00 97.24 
20 123.00 81.86 
21 107.00 1133s 
22 115.00 76.58 
23 105.00 TAKS al 
24 101.00 | 66.98 
25 1017.00 66.99 
26 99.00 Oo v00 
(al | 97.00 64.35 
28 100.00 66.62 


: Nitrogen and phosphorous were applied in the form of urea and 
triple super phosphate. The amounts were: 87.5 kg. of urea per hectar 
(r 40.00 kg. N/ha) and 100 kg. triple super phosphate per hectare (r 46.0 
kg. P 0,) for wheat, barley, teff, and sorghum and 132 kg. of urea per 
hectafe (260.0 kg. N/ha) and 150.0 kg. of triple super phosphate per 
hectare (r 69.00 kg. P,0,/ha) for corn. 


Source: H.M. Benedict and S.A. Cogswell, Potential Fertilizer 
Demand in Ethiopia, Report No. 1 (Menlo Park, California: Stanford Research 
Institute, roca), p. 41; Getachew Tecle Medhin, "Economic Appraisal of 
Fertilizer Use in Ethiopia" (unpublished Masters Thesis, University of 
Alberta, Edmonton, 1972), p. 66, Table 5.4. 


OL ROPE REA UAE AE War ta Ba ATS CY 


zqov wwrAs0 


es ee Mee ee 
enna mepeee nei: 
. a ny > ngaits Yo AO oy me: Z 
i% 4 -) =a “ , li 
i : hears. 
a 


a 
7 
rn 


00,08 
BX VY 
2€ 08 
&€ .08 
— F8.8X 
aB.at 
it,éy 
Ef at 
BE 08 
BE 08 
BX AS 


4 a 4 , le: ‘ 


89 


provinces were in the Addis Ababa zone. In calculating the representative 
cost of production with fertilizer application, all adjustments of costs 


due to yield increases were made (Table 4.7). 


Transportation 


Transportation costs were defined for each commodity from/to con- 
suming regions with surplus production to/from those with deficit. In 
general, three modes of transportation are used in Ethiopia: (1) truck 
transport, (2) railway, and (3) pack animals. For this study, truck 
transportation was used as it was assumed to be the most efficient and 
the most important means of transportation in Ethiopia, particularly for 
long hauls. 

Flat rate transportation costs were assigned from a central 
location in a given demand region to a central location for all other 
demand regions (Table 4.8). The centers were selected with the objective 
of approximating consumption centers (Figure 1.1). Transportation rates 
were the same for all five crops. For regions where data were not avail- 
able, distances were multiplied by rates of transportation on similar 
road types in adjacent regions. Generally the data obtained indicated 
that long hauls were cheaper per kilometer than short hauls on similar 
road types. 

Transportation accounts for a big portion of the cost of agri- 
cultural products to the consumer. It is particularly so in Ethiopia 
where basic infrastructural developments are still lagging. According 
to a study conducted by the Stanford Research Institute, the internal 
cost of transportation of pulses from a location in Begemdir province 


amounted to 25 percent of the total value of one ton of pulses at the 
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TABLE 4.7 


EXPECTED COST OF PRODUCTION WITH FERTILIZER APPLICATION 
BY PRODUCING REGIONS, ETHIOPIA, 1966 


Producing Wheat Barley Teff Corn Grain 
Region Sorghum 


Sa tS SS 


(Eth. $ per Hectare) 


] 383 s/2 42] 414 401 
2 271 259 304 296 279 
3 247 245 288 301 261 
4 247 245 288 301 261 
5 300 307 340 339 323 
6 254 260 296 Su 286 
7 235 24) 273 Zio 214 
8 33% 303 336 376 cule 
9 458 460 504 520 470 
10 449 457 494 509 46] 
1] 270 291 291 34] 279 
12 265 269 31] 325 287 
13 276 283 330 336 290 
14 346 347 391 366 303 
15 339 349 411 366 354 
16 Sel 338 376 360 344 
VW S13 326 361 399 326 
18 324 325 363 366 306 
19 306 301 33) 309 268 
20 345 344 334 384 346 
21 277 293 aa 305 280 
(ae 282 297 328 306 285 
23 Sh? 316 359 297 305 
24 264 276 303 286 293 
20 270 266 SL 285 266 
26 610 628 656 629 626 
2] 408 460 498 466 488 
28 260 267 306 287 301 


Source: IEG, Ministry of Agriculture, Extension Service and FAO, 
"Freedom from Hunger Campaign: Fertilizer Demonstration Program 1967/68, 
1968/69, 1969/70," Addis Ababa, n.d. (Unpublished reports. ) 
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Asmara terminal market. | A study by the Imperial Highway Authority 
estimated Eth. $1.44 per ton per kilometer as the cost of carrying goods 
by mule or camel. 

An improvement in transportation and marketing facilities would 
no doubt enhance spatial allocation of production of agricultural pro- 
ducts. Due to the ruggedness of the terrain of the country and the par- 
ticularly wet conditions in the southwestern portion of the country, 
road building is quite expensive. 

The Awraja communications study by the Planning and Development 
Commi ttee revealed that, on the average, only 22 percent of the country 
was served by all-weather roads--assuming that areas lying within fifteen 
kilometers of such roads could be considered to have access to an all- 
weather road. The Committee, however, found considerable divergence from 
this median. For instance, Dire Dawa, the Addis Ababa region, Desse 
vicinity and Hamasien area had a high concentration of all-weather road 
facilities and over 100 percent accessibility, taking fifteen kilometers 
as a Standard. On the other hand, the Committee noted that thirty-six 
Awrajas, most of them in the southwestern portion of the country, were 
without any all-weather road facilities.© 

Particular problem areas are: 

1. Western and southern Ethiopia (including parts of Gojam, 


Wollega, Illubabor, Kefa and Gemu Gofa provinces). 


| Alan R. Thodey, Marketing of Grains and Pulses in Ethio ia, 
Report No. 16 (Menlo Park, California: Stanford Research Institute, 
April, 1969), p. 143. 


2 EG, Ministry of Planning, Regional Aspects of National 
Planning in Ethiopia, Parts I and II, p. 54. 
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2. Western Wollo and eastern Begemdir provinces. 

3. Bale and Arussi provinces. 

Most of these provinces fall in heavy rainfall areas where the 
use of dry weather trucks is restricted. Other provinces' areas are also 
less than 50 percent accessible by all-weather roads and only eleven have 
more than 75 percent accessibility. 

Pack animals are still an important component of Ethiopian trans- 
portation. Thousands of pack animals are still used in Ethiopia. For 
example, according to a count made at Woldia (north of Dessie) by the 
Imperial Highway Authority (IHA) on a typical day in 1966, 500 pack 
animals were seen on a Single westward trail. A spot check on October, 
1966 at certain rural locations found an appreciable number of laden pack 
animals on all-weather highways. The typical carrying charges for pack 
animals average about Eth. $0.62 per ton per kilometer or over six times 


2 


the typical truck freight rate on all-weather highways. Representative 


1966 trucking tariffs charged for grain movements (when the route was not 


entirely an all-weather road) varied from Eth. $0.16 to Eth. $0.45 per 


ton per kilometer.> 


The Ethiopian government, aided by some nations and international 


organizations, began a major program of highway improvement in 1950 and 


; Imperial Highway Authority (IHA), "Progress in Highway Transport" 
(paper presented at the XIII World Road Congress, Tokyo, Japan, November 
3- be 1962)5 ps 16% 


a Ubid dupe 16: 


“igh Miller, et al., Development of Agriculture and Agro- 
Industry in Ethiopia: Strategy and Programs, SRI Report (Menlo Park, 


California: Stanford Research Institute, April, 1969), p. 189. 
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established the Imperial Highway Authority (IHA) in (951%: So far, the 
IHA has launched four highway programs; the fourth was initiated in 1968 
with a completed expenditure of about Eth. $250 million. This sum is 
earmarked for construction of bituminous surfacing and for feasibility 


studies of a total of 1,400 kilometers of road. 


Railways 


Only two railway links exist in the country, one about 305 kilo- 
meters between Mitsiwa and Akordat, via Asmara, and the other between 
Addis Ababa and Djibouti, via Dire Dawa. Both railways are narrow gauge, 
the latter being one meter and the former, 0.95 meters. The railway 
between Addis Ababa and Djbouti, which is 781 kilometers long, is managed 
by a French company incorporated in Ethiopia. 

The high cost of transporting goods both for internal market and 
export and the overall complexities and inefficiencies involved in mar- 
keting inhibits regional specialization. It also undermines the compe- 


titive position of the country in the world market. 


Imperial Highway Authority, "Progress in Highway Transport," 
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CHAPTER V 
ANALYTICAL METHOD 
Theoretical Framework 


In 1776, Adam Smith wrote: 

. if a foreign country can supply us with a commodity 

cheaper than we ourselves can make it, better buy it 

off them with some part of our own Industry ; employed 

In a way in which we have some advantage. 

David Ricardo and John Stuart Mill developed an explanation for 
regional specialization that was the first to be labeled the principle 
of comparative advantage. Von Thunen and Alfred Weber made significant 
contributions to what is now called location theory. Alfred Marshal 
brought the demand aspect into comparative advantage. 

The modern theory of regional (international) trade has been 
built on the basis of the doctrine of comparative advantage originally 
expounded by David Ricardo.< Ricardo explained trade on the basis of 
labor productivity for two commodities and two countries. The underlying 
assumption of his proposal was that capital is mobile and returns to 
capital will be equilibrated between regions by appropriate capital 
movements. 


Ricardo's labor productivity theory and other simplifying assump- 


tions have been challenged in modern times and have been replaced by 


| Adam Smith, Wealth of Nations, Vol. 1, 2nd ed. (London: Methuen 
and-Co. Ltd., 1920), p. 422; 


* pavid Ricardo, On the Principles of Political Economy and 
~ Taxation, edited by Piero Sratfa and M.-H. Dobb (London: Cambridge 
University Press, 1951), Chapter 8. 
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models that closely approximate the real world conditions. The modern 
version of comparative advantage explains trade in a general equilibrium 
setting. In general equilibrium analysis, trade is explained through 
the existence of a disequilibrium. 

One version of the comparative advantage principle explains 
production and trade by employing the opportunity cost principle. Ac- 
cording to this version, the optimum pattern of production and trade for 
a region (country) is determined from a comparison of the opportunity 
cost of producing a given commodity with the price at which the commodity 
can be imported or exported. In equilibrium, no commodity is produced 
which could be imported at a lower cost, and exports are expanded until 
marginal revenue equals marginal cost. This explanation assumes the 
existence of perfect competition and the absence of external economies, 
which makes some economists uncomfortable because the world is full of 
monopolies, oligopolies and other types of imperfections (as expalined 
by Haberler in detail... 

The Heckscher-Ohlin version of the comparative advantage 
doctrine states that a country will benefit from trade by producing 
commodities that use more of its relatively abundant factor of production. 
This concept does not depend on the existence of perfect competition and 


initial equilibrium. However, it assumes that factors of production are 


l G. Haberler, "An Assessment of the Current Relevance of the 
Theory of Comparative Advantage to Agricultural Production and Trade," 


Proceedings of the International Conference of Agricultural Economists, 
1964 (London: Oxford University Press, 1966), p. 18. 
- Hollis B. Chenery, "Comparative Advantage and Development 


Policy," Surveys of Economic Theory, Vol. II (New York: St. Martin's 
Press, 1966), p. 225. 
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qualitatively the same or comparable in different countries (that is, 
production functions are the same). Such controversies aside, experts 
generally accept the merits of specialization according to the principle 
of comparative advantage and free trade. 

In its simplest form, specialization according to the principle 
of comparative advantage means that each region will engage in the pro- 
duction of the commodity or commodities for which it has the greatest 
comparative advantage or, conversely, the least comparative disadvantage. 
The assumption behind this principle is that regions are variously endowed 
with natural resources, technology and institutions. Although regions 
could try to produce something of every commodity, it is obvious that 
they would not succeed or, if they did succeed, it would be only at a 
high cost. 

According to the principle of comparative advantage, even if 
region (country) A is more efficient than region (country) B in the 
production of every type of good, as long as there are differences in 
the relative efficiencies of producing the different goods in the two 
regions, both regions could have a comparative advantage in the production 
of one or more goods. The absolutely efficient region, A, will specialize 
in the commodity in which it has the greatest efficiency (greatest com- 
parative advantage) and B, in the one in which it has the greatest 
efficiency (least comparative disadvantage). Specialization and trade 
based on comparative advantage is beneficial if the difference in pro- 
ductivity is sufficient to more than offset transportation and associated 
GOstsi: 


The interregional competition model used in this study was based 
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on the assumption that every region is endowed differently with respect 
to soil, rainfall, temperature, and other factors which make certain 


regions better suited for the production of some crops than others. 
Models for Interregional Competition Study 


The overriding concern in interregional competition analysis is 
the optimal spatial distribution of production of the commodities under 
consideration. Resources are to be allocated in such a way that an ob- 
jective function representing net return is maximized or one representing 
net costs isminimized, whichever is the case, without violating the con- 
Straints imposed by national conditions, institutions, and technology. 
Factors that affect optimal distribution alter with changes in institu- 
tions, technology, population distribution, tastes and preferences, etc. 
More important, in an agricultural development plan, the basic aim is 
to introduce new techniques of production and new institutions which are 
supposed to markedly affect input-output relationships. It is therefore 
important to select a model which incorporates such changes easily. 

The following models are used by researchers in interregional 
competition studies: | 

(1) Formal budgeting, 

(2) Regression analysis 


(3) Transportation programming, 


' carl 0. Heady, et al., Agricultural Supply Functions: Estimating 
Techniques and Interpretations (Ames: Iowa State University Press, 1961) 


and Roland L. Mighell and John D. Black, Interregional Competition in 
Agriculture (Cambridge: Harvard University Press, 1951). 
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(4) Input-output, and 

(5) Programming. 

Each of these models is useful for specific purposes. The selec- 
tion of a model depends on the purpose of investigation. The selection 
of a model for interregional competition analysis is based on the objec- 
tives discussed above (that is, ease of incorporating changes that affect 
the coefficients and restraints). Changes which cause structural variation 
are of concern in agriculture. Changes in techniques of production, increases 
in investment, institutional changes, and variations in tradition are 
instigated to break the link that caused Stagnation. These changes can 
be easily specified in a programming model. 

In the programming model, technology changes which affect supply 
structures could be represented by making appropriate changes in the 
respective coefficients of the model and changes in the level of commodity 
demands can be represented by simply changing the level of demand con- 
straints. The procedure involves defining regional production patterns, 
given the existing conditions. A new programming matrix is set up in 
which appropriate substitutions are made to accommodate the changes. 

The results will show us how production patterns, interregional commodity 
flows, and factor returns would be altered due to the changes specified 


in the model. 


Assumptions of the Model 


The following simplifying assumptions are implicit in the con- 
struction of the interregional competition model: 


1. Minimization of aggregate national cost is the national 


goal. 
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2. The country can be divided into n producing districts and 
each district is internally homogeneous with respect to land and other 
production factors and their combination in use. 

3. Constant returns to scale in each agricultural producing 
district for the production of each crop over the range of production 
volume is expected. 

4. Each producing district is assumed to have the potential 
for growing wheat, barley, teff, corn, and grain sorghum. 

5. Land and foreign exchange are the only resource constraints; 
other resources are adequately supplied within a district or are suffic- 
iently mobile between districts to have no restrictive effect upon 
production. 

6. The country can be divided into m spatially separated demand 
regions each having a demand for the five crops. 

7. Costs of transportation of products between points of con- 
sumption can be adequately reflected by a flat truck rate and are the 
same for all crops. 

8. Regional demand relations for the various crops are exo- 
genously determined and known andconsumption habits are assumed not to 
vary from one consuming region to another. 

The above assumptions can be relaxed and adjustments made wherever 
needed, but such changes may make the program much more complicated than 
the results justify. A programming model without the above simplifying 
assumptions requires voluminous and refined data that are not available 
in many cases. Furthermore, the utility of further refinement has not 
been established. The cost of obtaining more detailed data would be 


considerable. Therefore, in a country like Ethiopia, a simplified model 
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could be more useful than one that is complicated. In addition to the 
preceding assumptions, the usual linear programming assumptions of addi- 
tivity, divisibility, finiteness, and single-value expectations apply to 


this model. 
Basic Structure of the Model 


As indicated in Chapter I, the mathematical model used for this 
study is linear programming. The basic components of a linear programming 
analysis are an objective function, resource constraints and the non- 
negativity constraints. In this model, the objective function was the 
minimization of the cost of production and transportation, and the 
resource constraints were land and foreign exchange. In matrix notation, 


the basic format of the model would be as follows: 


Min f(X) = CX (551) 
Subject: 
AX < B (5.2) 
X > 0 (5.3) 
where: 
C = W+F+T is a row vector representing cost coefficients 


composed of W = cost coefficients of unfertilized crop pro- 
duction (Eth. $/ha); F = cost coefficients of fertilized 
crop production (Eth. $/ha); and T = transportation costs 
per quintal of grain. 

A = AY + Ag + § is a matrix of unit requirements of activity X 
composed of A = conventional practice; Ae = fertilized crop 


activity; and S = foreign exchange requirements. 
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Bits, DyHicE })eG) Hallet 'U- Tora column vector of constraints composed 
of D = vector of regional demand of order n x q;_ E = vector 
of district acreages available for cereal production of order 
Ps; G = vector of minimum acreages to be planted in all 
districts of order p; H = vector of maximum acreage to be 
planted in corn and sorghum of order p; and U = a single 
national foreign exchange constraint, and 

k= O° + x + Z is a vector of levels of activity of minimum 
order [PQ + PX, + n(n-1)], composed of Q traditional produc- 
tion activities in each of the P producing districts; xe = 
crop production activities under fertilization; Z = trans- 
portation activities of order n(n-1) linking all of the n 


consuming regions to each other in both directions. 
Specific Models 


This study was mainly concerned with the determination of the 
pattern of regional production and interregional flow of cereals in 
Ethiopia during 1966 and 1980. Four models were programmed to accomplish 
the above objective. Models I, II, and III employed 1966 data while 
Model IV used 1980 projected data. The alternatives programmed in the 
respective models were: (1) conventional farming practices with land 
as the only resource constraint, (2) conventional and fertilizer activities 
with land and foreign exchange as resource constraints, (3) conventional 
and fertilizer activities with land as the only resource constraint 
(foreign exchange was assumed to be available in sufficient quantity) , 


and (4) conventional and fertilizer activities with land as the resource 
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constraint, plus 1980 data. | Each of these models have different policy 


implications. 

Detailed formats of these models are given below. However, since 
the formats of Models III and IV are the same as Model II, there is no 
need to describe Models III and IV in detail. Models III and IV can be 
obtained from Model II by simply substituting the appropriate foreign 


exchange and demand constraints. 


Model I: Regional Specialization With Conventional Practices, 1966 


The aim of this model was to find the extent of production 
relocation and the subsequent savings in resource use as a result of 
specialization as dictated by the regional comparative advantage and the 
imposed constraints. The essential parts of the model are summarized 
below: 

Min. FCs Xs k + DeD yt WV amk (5.4) 

(Objective function) 

i= 1... n, index of consuming region; 

j = 1... p, index of producing district; 

k=} .4. Gd, tmndex: of crop; and 

m= 1... n; m #71 index of receiving regions. 


Subject to four classes of constraints: 


Bs a)9k Kk * Bn Yim Ymik? 2 TK (5.5) 


(A set of n x gq constraints) 


j=1... r (districts in consuming region i only); 


| The only feasible solution for Model IV was obtained when the 
foreign exchange constraint was removed. A total of Eth. $278 million 
worth of foreign exchange is needed to apply fertilizer where it is 


profitable. 
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DEX ay =e, (5.6) 


(A set of p constraints); 


*EX GK Zz ur (5.7) 


(A set of g constraints); 


ZX 


jk = 93 (5.8) 


k = 4, 5 (corn, sorghum only). 


non-negativity constraint (5.3): 


Ca 


as 
iH) 


im 


dik 


€-re 
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= elements of sub-vector w, representing per hectare cost of 


producing crop k in producing district j; 

element of sub-vector t, cost of truck transportation of 
one quintal of grain from region i to region m (it is 
assumed that shipment costs between districts within the 


same region are zero); 


= element of sub-vector q, hectares of crop k to be planted 


in district j by conventional means; 


= element of sub-vector y, quintals of crop k to be shipped 


from region i to region m; 


= shipment of crop k from region m to region 1; 


element of matrix A associated with conventional cropping 
activities, representing yield (quintals per hectare) of 


crop k in district j; 


= element of sub-vector D, demand for crop k in region i 


(quintals) net of unprogrammed minor production; 


element of sub-vector E., area available for grain crops in 


districtdy; 
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We = element of sub-vector G, minimum area to be planted in grains 
i districtod: 
os = element of sub-vector H, maximum area in corn and sorghum 


mM -districe: j. 

In Model I the objective function is the linear summation of the 
costs of production and transporation (Equation 5.4). The only resource 
constraint was land. The optimum solution to this model would provide 
the regional production and resource use patterns, commodity flows among 
regions, regional equilibrium prices for the commodities under investi- 
gation, and the rental value (shadow prices of the fixed resource). The 
analysis would also provide the amount of excess land that could be with- 
drawn from use for the crops under consideration. 

Equation 5.5 represents a demand constraint. The sum of production 
and net imports of each crop must not be less than the demand for each 
crop in each consuming region (Table 5.1 and 5.2). Equation 5.6 limits 
the activities or crops planted to the area of land available in each 
producing district (Table 5.3). All other resources were assumed to be 
present in sufficient quantity. Equation 5.7 sets a lower limit to land 
use in each producing district. These limits were set at 60 percent of 
the initial level (actual 1966 land use). In a programming model where 
there is no minimum land use constraint, the optimal solution to the 
production and distribution problem results in some districts producing 
quantities at zero level, or below their capactiy, while other districts 
completely utilize all crop land available. 

Farmers are generally conservative and would not change to new 
practices readily. The minimum land use constraint was set to reflect 


this attitude. In addition, production for home use is not likely to be 
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FOOD DEMAND CONSTRAINT BY CONSUMING REGIONS, ETHIOPIA, 1966 
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Consuming 
Region 


WOONDOHPWNH— 


Wheat 


02 


Barley 


(Thousand Quintals) 


1 
26 


.03 
98 
249. 
18%. 
202. 
157. 
44, 
6,436. 
l2z, 
141. 
LTS. 
110. 
240. 
266. 
526. 
207. 


02 
57 
13 
72 
4] 
13 


Teff 


478. 
.20 
84 
. 84 
AS) 
1193 


16,560. 
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TABLE 0.2 
FOOD DEMAND CONSTRAINT BY CONSUMING REGION, ETHIOPIA, 1980 


Consuming Wheat Barley Teff Corn Grain 
Region Sorghum 


(Thousand Quintals) 


] S300 170.56 199573 902.22 1,156.47 
2 81.53 41.44 194.32 Coc, 281.00 
3 19839 405.91 VoOUSc GU ci ce PAR EA /al| 
“ 566.73 288 .06 ] 5350. 70.42 1.023 .80 1.3953)..211 
5 672.78 341.96 1,603.44 1,808.94 2,910./0 
6 562.16 272.80 ig Sietl 3. on 4 alo 443.0106 1,849.72 
7 134.75 68.49 321.14 362.30 464.40 
8 2,050.71 7,444.79 4,078.36 4,601.04 5,997, 62 
| . S7 eso 188.76 885.06 988.49 AAAS 
10 427.99 217.54 W020 04 al a sired, 1,475.06 
1] 348.55 Tel 830.71 30 Vi, lsZ0lecr 
12 335,02 170.69 800.36 902.94 ly, Loe 239 
13 120.0) 309.0! Visit. 1,993.04 2,503.41 
14 803.91 408.62 esl eda Casal Ol OS Cai, OD 
15 VSOo loa 809.12 35/93.91 4,260.14 5,486.28 
16 687.98 349.69 1,639.68 1,849.82 Cod ibegl iO 
lig! Ty180.5c 598.53 2,806.48 3,166.16 4,058.38 
18 13.00 6.60 30.98 34.95 44.80 
19 840.01 6,972.80 1,865.25 2,104.30 e090) sco 


TOTAL 12,530.17 4105 o02e73 28,849.74 32,537.11 41,718.93 
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abandoned in favor of purchases unless safe earning opportunities exist. 
The lower land use limit also avoids extreme income disparities between 
producing districts when all land, or a large portion of the land, is 
withdrawn from its initial uses and is not replaced by other uses. 
Equation 5.8 sets an upper limit on the amount of land to be 
used for corn and sorghum in districts where land use for the two crops 
accounted for less than 50 percent of the land use in a given area in 
1966 (Table 5.3). The land use data for 1966 indicated that sorghum and 
corn were minor crops in some areas of the Ethiopian highland. It is 
unrealistic to assume that all five crops are equally competitive for 
land in all districts. For this reason the program was constrained so 
that cultivation of corn and sorghum would not exceed 150 percent of the 
1966 level of land use for the two crops in producing districts where 
the combined actual land use for corn and sorghum in 1966 was less than 


50 percent of the total land use for that year. 


Model II. Regional Specialization With Conventional and Fertilizer 


Activities, 1966 


A fertilizer activity was introduced in this model necessitating 
the addition of a foreign exchange constraint. The discussions in Chapters 
I and II indicated that the possibility of increasing agricultural output 
through annexation of more land is limited due to the tremendous expenditure 
required to create new settlements and the socio-economic factors that 
hinder mobility. Agricultural output can be increased through more in- 
tensive cultivation of the land area presently cultivated. To determine 


the effect of intensification of production, a fertilizer activity was 
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TABLE 5.3 
LAND CONSTRAINTS BY PRODUCING DISTRICTS, ETHIOPIA, 1966 


Producing Lower Limit Upper Limit Upper Limit 
Regions All Cereals All Cereals Corn & Sorghun* 


(Thousnads of Hectares) 


] 55.00 91.8 

2 2/1362 524.4 

3 16.40 Chae 3 

4 16.40 cleo 3 

3 84.80 141.5 41.88 
6 133.50 EAS 19.50 
/ 96.24 160.4 69.75 
8 181.86 303 a] 131.25 
9 192.36 308.5 
10 133.68 222.8 
1] 114.30 19055 

12 T3528 254.9 45.15 
US) M3.22 266.2 76.05 
14 158.16 263.6 32.20 
15 76.44 127.4 
16 147.18 245.3 22.60 
17 579.18 965.4 285.90 
18 254.16 423.4 
19 -- 22000 
2- 104.16 178.6 
21 198.72 331.2 
22 154.44 257.4 (aia a) 
23 TWAS SIS 00.99 
24 107.40 T9550 OTS 
25 163.74 ARCS, 164.10 
26 92.06 S7t3 Spinel 
27 45.78 1020 24.60 
28 41.70 69°05 


* 
Blank space indicates no upper limit. 
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programmed in Model II. The essential parts of this model are presented 


below: 
Mins *) ee. ‘ a ae : 
in EGE C a Xap + Daly Finz5k + Dee tam amk (5.8) 
(Indexes same as in Model I). 
Subject to: 


B54) 8K jk > UC) AGREZIK tT EV Im Ymik? = ek (5.9) 
(A set of n x q constraints) 


j= 1... r (districts in consuming region i only), 


EpX ay + Zit < @; (5.10) 
(A set of p constraints), 
Ep Xap + EZ 5p Ba 3 (5.11) 
k = 4, 5 (corn, sorghum only), 
(A set of p constraints), 

h (5.12) 


Tals apap S 
Z ik is the element of sub-vector Z representing hectares of crop 
k to be planted in district j by fertilizer application; 

Sik is an element of sub-matrix S identifying the amount of 
foreign exchange needed to finance fertilizer required for 
activity z in district j for crop k; 

h is foreign exchange limit for importation of fertilizer; 


f., is an element of sub-vector F representing the per hectare 


ik 
cost of producing crop k in the jth producing region with 
fertilizer activity. 
The remaining notations are the same as in Model I. The objective 
function in Model II was the minimization of the sum of the costs of 


production under conventional and fertilized crop activities and trans- 
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portation as indicated in Equation 5.9. Equation 5.13 limits the level 

of fertilizer activity to the amount of foreign exchange allowed for 

this purpose. Eth. $100 million foreign exchange was allocated for the 
importation of chemical fertilizers. (The areas where fertilizer should 

be applied are shown in Appendix D. Table D.1.) The rest of the constraints 


are the same as in Model I. 


Model III: Regional Specialization With Unconstrained Fertilizer Usage, 
1966 


The format of this model is the same as Model II. The only 
difference is in the magnitude of foreign exchange allowed for the im- 
portation of fertilizer. The model was programmed to allow the appli- 
cation of fertilizer wherever it was profitable. Using parametric pro- 
gramming the optimum level of foreign exchange was determined to be Eth. 


$127 million. 


Model IV: Regional Specialization With Unconstrained Fertilizer Usage, 
1980 


In this model an attempt was made to analyse the potential for 
satisfying the food needs of the Ethiopian population by the 1980's. 
This analysis involved projection of population, income, and per capita 
demand to 1980. The analysis was made for both conventional and fertilized 
crop activities using a modified demand constraint. The format of the 
model is identical to Model III, but changes were made in the level of 
demand constraint to reflect 1980 consumption needs. The foreign ex- 


change necessary to purchase fertilizer was found to be Eth. $278 million. 
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Solution Techniques 


The interregional competition model used for this study provides 
information on regional production patterns, interregional commodity 
flows, rental value of the limiting resources, and equilibrium commodity 
prices. This information was obtained from the primal and the dual of 
a linear programming solution. Regional production patterns and inter- 
regional commodity flows were obtained from the primal solution and the 
rental value and commodity prices were obtained from the dual solution 
of the linear programming models used. 

The simplex method, a computational routine for obtaining the 
optimal solution for a linear programming problem, was developed by 
Dantzig. | This method is essentially an iterative elimination procedure 
yielding basic solutions at each stage. The procedure consists of taking 
a point (extreme) in a feasible set and evaluating the objective function 
at that point, then taking another extreme point, and so on, until an 
optimum value is reached. The simplex method provides a systematic rule 
which prevents examination of some points that yield lower values for the 
objective function than the point selected. When an optimum solution is 
obtained employing this procedure, it is a global optimum. No other point 
in the feasible set can yield a greater value for the objective function. 


Table 5.4 gives a summary of the simplex table without the identity matrix. 


Interpretation of Shadow Prices 


The dual solution to a linear programming problem gives the 


Gale, The Theory of Linear Economic Models (New York: McGraw 
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Shadow prices (imputed rents) of the restricting resources. Shadow prices 
are defined as rents or valuations of the worth of the limiting resource. 
These figures provide an estimate of the relative value of an additional 
(marginal) unit of crop land in each producing district. 

The economic interpretation and policy implications of shadow 
prices are slightly different for mobile and non-mobile resources. When 
trying to analyse the role of shadow prices of limiting resources, it 
would be useful to separate the resources into mobile and non-mobile 
resources. In a competitive model it is presumed that resources wil] 
move from district to district or that producers will shift from the use 
of one resource to another to equalize their marginal returns if such 
mobility is not restricted. Therefore, where mobile factors are involved, 
the differential shadow price for factors in different districts indicates 
misallocation of the resource in question. 

For illustrative purposes, assume that a given amount of foreign 
exchange is allocated to each producing district. Also assume that the 
foreign exchange constraint is effective. A rational planner would 
allocate this scarce but mobile resource in such a way that the marginal 
returns from foreign exchange in each producing district are equalized. 
The net benefit to the nation would be increased by shifting foreign 
exchange from a district with a lower shadow price to one with a higher 
shadow price. The transfer will continue until the shadow prices in 
each producing district are equalized. 

Land rents are dependent on the productivity of the resource 
under consideration and on the demand for the product produced by the 


resource in queston. Rents for land are estimates of rental values of 
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land and these values provide an indication of returns to land from the 
production of the commodity in question. 

Rents are always defined at the margin (that is, they apply only 
to the first unit change in a production restraint, whether it be an 
increase or a decrease). A restraint change greater than this amount 
can result in a change in the rent for land. By decreasing a maximum 
restraint (such as cropland) in this study, the rent of that resource 
would be increased if it were a limiting factor of production and the 
rent would be decreased if the resource in question is increased. 

Any resource with excess capacity in an optimal solution has a 
zero rent. In a programming solution such resources are free resources 
in a sense that they do not limit production in an optimum plan. On the 
other hand, scarce resources are those that put a limit to production in 
the optimum solution. They are scarce relative to the amount the pro- 
ducer requires. In this program free resources mean that, in a region 
where slack resources are available, the resources in question can be 
reduced by the amount of slack without affecting the profit of the 
Operator. The land rent in a cost minimization solution also indicates 
how much cost of production (aggregate cost) could be reduced if one more 
unit of land is available for the production of the particular crop in 


each producing region. 


Computation of Land Rent 


The variables that affect the rent of land in a given producing 


district are as follows: 


ie Imputed price of the commodity in the consuming region con- 


taining the producing district in question, 
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2. The per hectare yield of the crop using the last unit of 
land, and 
3. The per hectare cost of producing that crop. 


The rent of land may be shown as follows: 


Ly, = (Q 4 An - Ch (5.14) 
where: 
Ley = rent of land per hectare used by the kth crop in the jth 


producing district, 


Qj = yield per hectare of the kth crop in the jth producing 
distr icL, 
Bam = the per unit price of the kth crop in the mth consuming 


region containing the jth producing district, and 

aie = the hectare cost of production of the kth crop in the 

jth producing district. 

Where a cost minimization criterion is employed, land rent indi- 
cates how much aggregate cost could be reduced if the restriction is 
relaxed by one hectare of land (that is, in a district where the lower 
limit is the effective restraint, land rent indicates how much cost could 
be lowered if the lower limit is relaxed by one hectare). Generally, as 
the constraint is relaxed, the land rent decreases. 

A hypothetical illustration of how land rent declines as more land 
resource is made available is shown in Figure 5.1. The first constraint 
in Figure 5.1 was ten hectares of land. If all ten hectares of land are 
used completely, it commands a land rent of P,. If the constraint is 
relaxed by adding another ten hectares of land, the rent on the last unit 


of land would be Pos If the land resource constraint is further relaxed 
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Shadow Price 


PLGURE: 5.1 


A HYPOTHETICAL DEMAND CURVE SHOWING THE 
VARIATION IN THE RENT (SHADOW PRICE) OF LAND AS 
IT IS AUGMENTED 
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by an additional ten hectares but is not used completely, it commands a 
zero rent. When all thirty hectares of land are completely utilized, a 
rent greater than zero will emerge. Rent for a second resource constraint 
(for example, foreign exchange) whose total quantity may remain unchanged 
when the supply of land is augmented will behave as illustrated in Figure 


5.2 when plotted against the change in the land resource constraint. 
Equilibirium Product Prices 


The equilibrium price for each crop in a given consuming region 
is a reflection of the price required to cover the cost of production 
and shipping of the quantity demanded. If the demand is met by production 
within the demand region, the equilibrium price is equal to the unit 
cost of production of the highest cost-producing region within the con- 
suming region. If the consuming region is importing some or all of the 
product, the equilibrium price is the sum of the per unit cost of pro- 
duction of the product in a source region plus the per unit cost of 
transporting the product from the region in question. If, on the other 
hand, the consuming region is an exporter of the product it consumes, 
then the equilibrium price equals the price of the product in the con- 
suming region to which it exports minus the cost of transportation. All 
three cases are analized below. 

1. For a region that neither imports nor exports, the equilibrium 


price would be given as: 
: , 
p= eat Saas (5.15) 
km ka 
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Shadow Price of Foreign Exchange 


FIGURE 5.2 


A HYPOTHETICAL CURVE SHOWING THE VARIATION OF 
SHADOW PRICE OF FOREIGN EXCHANGE WHEN THE SUPPLY 
OF LAND IS INCREASED 
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Ein = price of the kth product in the mth consuming region, 

os = refers to the per unit cost of production of the kth crop 
in the jth producing region within the consuming region-- 
highest cost-producing region, 

Lig = land rent used by the kth crop in the jth region, 

F. = price of foreign exchange, and 

Qj = per hectare yield of the kth crop in the jth region. 

2. For a region importing from another consuming region, the 


cost of transportation is added from the latter to the former as: 


sae Ch 4 Ly + t a De (5.16) 
kj OK 


where tem is the cost of transporting the kth product from the mth to the 
ith consuming region. The rest of the variables are the same as in 
Equation 5.15. 

cr For a consuming region that exports to another region, the 
price would simply be the equilibrium price in the importing region 
minus transportation cost. A given consuming region may import the same 
product from several regions in which case the price would be determined 
based on the highest cost source. 

The supply for a given commodity would be forthcoming from the 
various regions in order of their productive efficiency (that is, 
before any resource in a less productive region is used, the limiting 
resource in the most efficient region must be exhausted). The unit price 
of the commodity in each producing region contained in a consuming region 
would be determined using the ratio of the cost of production to the 


yield in that region. 
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2 
Po = a 
sant 
Bie = a, 
where: PS < Po <ieaw: Pi? 
Pi» Pos Pas He Jaus Eo = prices of the commodityfor producing districts 
1... n with decreasing productivity, respectively, and 
Ci UF = cost of production and yield for regions i, ..., n, 


respectively. 

A simple hypothetical example illustrates how the supply curve 
for a commodity in a given consuming region would be determined. Assume 
that there are four producing districts arranged in order of ascending 
production costs in a given consuming region. Also assume that a fixed 
quantity of demand, Qc» exists (Figure 5.7). To satisfy the fixed level 
of demand, resources in Producing District 3 must be utilized. If the 
region is neither an exporter nor an importer, the price in this consuming 
region would be determined by the highest cost-producing district (in 
this case, District 3). There would be positive rents for Producing 
Districts 1 and 2 but not for Producing Districts 3 and 4 since all land 
is not used up in these regions. 

Suppose the consuming region in Figure 5.3 exports 06 - Q. units 
of output to other consuming regions so that total production in the 
hypothetical consuming region would be Qe: In this case, all the land 
resource in Producing District 3 and some land in District 4 must be used. 


Under the above conditions, the price of the commodity in the exporting 
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FIGURE Oo. 3 


A HYPOTHETICAL PRODUCT SUPPLY CURVE FOR A 
CONSUMING REGION CONTAINING FOUR PRODUCING DISTRICTS 
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region and importing region would be determined by the conditions in 

the importing region. As a consequence of the change in level of demand 
for the commodity in question, land rent would appear for land resources 
in Producing District 3. If the commodity in question can be supplied 
by another region at a lower price than Pi» all land resources would be 
taken out of production and the consuming region which was an exporter 
would import all its requirements, unless minimum average restraints 


would uphold production. 
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CHAPTER VI 
ANALYSIS AND INTERPRETATION OF RESULTS 


Activity analysis can provide valuable information on patterns of 
production, transportation, and prices of resources and commodities. 
Knowledge of this nature is very important in formulating policies on a 
nationwide basis or for individual regions: Such information is essential 
for regional planning, determination of kinds and priorities of research 
activities, extension of credit, and the development of marketing facili- 
ties. However, it is very important to mention at this point that solutions 
for a linear programming problem do not necessarily reflect what is actu- 
ally being done. Rather,they give a normative solution (what should have 
been done under the specified circumstances and objective(s) instead of 
what is being done). Their usefulness is in providing clues as to the 
direction one should take. By introducing certain restrictions it is 
possible to make a programming solution approximate the real life 


condition. 
Production Patterns 


The major objective of this study was the investigation of the 
spatial distribution of production and interregional flows of the various 
commodities under the assumed alternative programs and levels of demand. 
From the production pattern it is possible to estimate the direction and 
magnitude of land use shifts resulting from the application of these 


program alternatives. 


The result of the programming model used in this study also gives 
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information on the amount and location of unused resources existing under 
each program alternative. Unused resources (land) in this case indicate 
the extent of excess capacity for the nation as a whole as well as for 
individual regions. 

According to the minimum cost solutions for Models I, II, III 
and IV, approximately 5.5, 4.1, 4.0 and 5.3 million hectares of land, 
respectively, would be used to satisfy the estimated consumption require- 
ments of 1966 and 1980 (Table 6.1). Compared with the actual use of 
6.6 million hectares in 1966, these results represent a net saving of 
approximately 15 percent for Model I, 36 percent for Model II, 41 percent 
for Model III and 20 percent for Model IV. The land thus saved could 
be converted to other uses such as grazing and production of crops for 
export. Lands that are too steep to farm are being cultivated in many 
parts of the Ethiopian highland. Withdrawal of such farms from cultivation 
would be beneficial from the standpoint of conservation. 

The change in the objective functions of each model indicates 
the national cost saving resulting from the particular policy. The value 
of the objective functions declined for Models II and III, indicating the 
worth of the policy. According to the solutions for the models, cost of 
production and transportation should decrease by approximately Eth. $212 
million if fertilizer is used extensively (Table 6.2). However, it should 
be realized that the reduction of costs shown in the objective function 
does not include the value of land that could be withdrawn due to the 
change in policy. To find the total benefit resulting from the policy 
measure, the net return of the land in its new use should be added to the 


cost saving. 
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TABLE 6.1 


TOTAL HARVESTED CEREAL LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 
ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


Producing Actual, Programmed, 1966 Programmed , 1980 
Paps: Vela Model I Model II Model Ill Model IV 
(Thousands of Hectares) 
] 91.84 62.92 Sep 0,5) 55.00 91.84 
2 524.40 524.40 277.62 ELI O2 524.40 
3 27 250 21300 16.40 16.40 27,50 
4 27-05 27550 16.40 16.40 21.90 
5 141.50 141.50 84.80 84.80 141.50 
6 200550 Zee .o0 222.00 133.00 222.00 
7 160.40 160.40 160.40 160.40 160.40 
8 303.10 181.86 181.86 181.86 264.41 
9 308 . 50 192.36 192.36 192.36 192.36 
10 222.80 133.68 133.68 133.68 133.68 
11 190.50 190.50 114.30 114.30 190.50 
12 254.90 254.90 135.18 153.15 254.90 
13 266.20 266.20 173.22 W7seace 266.20 
14 263.60 263.60 158.16 158.16 263.60 
15 127.40 127.40 108.49 Steve 127.40 
16 245.30 147.18 147.18 147.18 147.18 
7 965.40 579.18 579.18 579.18 579.18 
18 423.60 423.60 254.16 254.16 254.16 
19 C25. 30 143.04 114.53 135.18 159.89 
20 173.60 173.60 104.16 104.16 173.00 
21 Bo basco SAYA 198.72 198.72 198.72 
Ze 257.40 203.54 154.44 154.44 154.44 
23 119.60 119.60 119.60 AIRTAS 119.60 
24 179.00 179.00 107.40 107.40 179.00 
25 272.90 272.90 163.74 163.74 212.90 
26 87.80 52.68 52.68 SPA ee. 52.68 
27 76.30 45.78 45.78 45.78 45.78 
28 69.50 69.50 41.70 41.70 69.50 
TOTAL 6559.57 5518.02 4113.64 3958.45 5294.22 
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TABLE 6.2 


ESTIMATES OF NATIONAL COST SAVING DUE TO SPECIALIZATION 
AND FERTILIZER USE, ETHIOPIA, 1966 AND 1980 


Model Value of Objective Function Cost Per Quintal of Cereals 


(Eth. $ Million) (Eth. $ Per Quintals) 
Model I 1450 - 17.45 - 
Model II 1244 - 15.00 - 
Model III 1238 ~ 14.92 ~ 
Model IV 1870 1350 


The results indicated that the per quintal cost of supplying 
cereals decreased with the application of fertilizer. Application of 
more fertilizer also resulted in increased efficiency. According to the 
solutions of Models I and IV, the per quintal cost of providing cereals 


in 1980 could be lower than that of 1966. 


Regional Patterns of Wheat Production 


The minimum cost solutions for all the programmed models indicated 

that wheat production should be concentrated in fewer producing districts 
than the actual 1966 land use data indicated. The results also indicated 
substantial shifts in the regional pattern of wheat production. According 
to the 1966 land use data (Figure 2.3a), Producing Districts 5, 8, 12, 
14, 23 and 27 were by far the most important wheat areas. However, the 
solutions for the programmed models indicated that Producing Districts 
2, 18, 21 and 22 should be the most important wheat areas (Figure 6.1). 

The solution for Model I indicated that 81 percent of the land 
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FIGURE 6.1 


REGIONAL PATTERNS OF WHEAT RODUCTION FOR 
MODELS I-IV, ETHIOPIA, 1966 AND 1980 
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devoted to wheat should be located in Producing Districts 2, 5, 18, 21 
and 22. District 21 alone would account for almost 32 percent of the 
land devoted to wheat, while districts 2 and 5 would account for an 
additional 30 percent. The results obtained from the solution for Model 
II suggested that about 94 percent of the land allocated for wheat should 
be located in Producing Districts 2, 18, 21 and 22. According to Model 
III, wheat should be produced in Producing Districts 1, 2, 10, 18, 19, 

22 and 27, with about 71 percent of the land allocated for wheat being in 
Producing Districts 2, 18 and 22. The optimal solution for Model IV 

also indicated that 85 percent of the land area allocated to wheat should 
be located in Producing Districts 2, 18, 21 and 22. Districts 2 and 22 
alone should account for about 60 percent of the land area allocated to 
wheat. The results of all the programmed models were fairly consistent. 


In every case, Producing Districts 2, 18 and 22 were primary wheat areas. 


Regional Patterns of Barley Production 


The least-cost solutions for all of the models indicated a sub- 
stantial shift in the regional patterns of barley production compared to 
the actual 1966 land use information. According to the 1966 land use data, 
substantial amounts of barley were produced in Arussi (districts 5, 6), 
Shoa (districts 7, 12, 13) and throughout the highlands of the provinces 
of Gojam (district 17), Wollo (districts 14, 16, 23), Begemdir (districts 
21, 22), Tigre (districts 24, 25, 26), and Eritrea (districts 27, 28). 

(See Figure 2.3b.) However, the optimal solutions for the four programmed 
models indicated that Producing Districts 5, 6, 7, 12, 13, 16, 17 and 24 
should be the most important producers of barley (Figure 6.2). These 


producing districts were among the important barley areas in 1966 also. 
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FIGURE 6.2 


REGIONAL PATTERNS OF BARLEY PRODUCTION FOR 
MODELS I-IV, ETHIOPIA, 1966 AND 1980 
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The difference between the actual and programmed models was that of 
degree of concentration. In the programmed model solutions the concen- 
tration of barley production in each producing district was high. 
According to the solution Model I, about 88 percent of the total 
land area allocated to barley should be located in Producing Districts 
6, 7, 12, 16, 22 and 24, and the optimal solution for Model II indicated 
that about 79 percent of the land area allocated to barley should be in 
Producing Districts 5, 6, 13, 16, 17, and 24. The results for Model III 
suggested that about 76 percent of the barley lands should be in Producing 
Districtseoy' 6, 13, 17, and 24. The solution for Model IV suggested that 
about 90 percent of the land area allocated to barley should be located 
in Producing Districts 5, 6, 13, 16, 17, and 24. When comparing the 
model with conventional practice to the ones that included fertilizer 
activity, a distinct shift appears to have taken place due to fertilizer 
application. Producing Districts 7, 12, and 22 became less competitive 


in terms of barley production in Models II, III and IV. 


Regional Patterns of Teff Production 


The least-cost solutions for all the programmed models indicated 

a definite shift in the regional patterns of teff production when com- 

pared to actual 1966 land use data. However, most of the producing 

districts that allocated a substantial amount of land to teff production 

in the various models were important traditional teff areas (Figure 2.3c). 

According to the solutions for the various models, Producing Districts 

2, 7, 14, 15, 17 and 20 should be among the important teff areas (Figure 6.3). 
The optimal solution for Model I suggested that teff production 


should be concentrated in Producing Districts 8, 9, 10, 13, 14, 15, 17, 
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FIGURE 6.3 


REGIONAL PATTERNS OF TEFF PRODUCTION FOR MODELS I-IV, 
ETHIOPIA, 1966 AND 1980 
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20, 23 and 25. These districts were important traditional teff areas. 
The solutions for Models II and III indicated almost identical results. 
According to the solution for Model II, about 89 percent of the land 
area allocated for teff should be located in Producing Districts 2, 7, 
9, 10, 14, 15, 17 and 20. These same districts accounted for 92 percent 
of the allocated teff land in the solution for Model III. The solution 
Model IV suggested that about 90 percent of the land area allocated to 
teff should be located in districts 2, 7, 11, 14, 17 and 20. Comparison 
of the model with conventional means to those with fertilizer activity 
indicated that fertilizer application should have a significant influence 
on the regional patterns of teff production. According to the results 
for Model I, Producing Districts 8, 19, 23 and 25 were among the most 
important teff areas, but solutions for Models II, III and IV did not 


include these districts. 


Regional Patterns of Corn Production 


The least-cost solutions for the programmed models indicated that 
Producing Districts 6, 8, 9, 11, 13, 17, 18, 21, 23, and 25 should allo- 
cate substantial amounts of land for corn production (Figure 6.4). When 
compared to actual 1966 land use data, these results indicate a sub- 
stantial shift in the regional pattern of corn production. According 
to the 1966 land use data, the southwestern provinces of Ethiopia, namely 
Wellega, Illubabor, Kefa, Gema Gofa and Sidamo, allocated sizeable areas 
for corn production (Figure 2.3d). The solutions for the programmed 
models did not show such concentration exclusively in the southwestern 
provinces although this area was an important corn area in most of the 


solutions (Figure 6.4). 


eff 


.2asevs Ted fanatstbaw sage Dante fis 
(eo uapy featitebt tants nevdaiiar’ Hi bins ne abo sot znottuloe 
baal ont Yo Inaaveg 8 thods; tl Tebow “iat, sun 8 + nit 10: 


,\ , 3 esomrdterd paroubor4 ar bet soo! od bi vole ‘Vrat 
tneoveq SC Yo? bednyogss avsineteth) amee Saari as bas XI F 0! 
nottuloe aaT 1th fahom vot notd@toe ond nt: “pyal vat b in 
. ot betszo! (6 898 bnsl ont Fessnearsg Ok sudds sant b ot 


noziveqmod’ OS Bae Tt Ar 06 ev gS asohatert wi has soof “9 a 
yitvietos iastitiset Adtw skort Ob ane aiiias ta ied mn i 


+ 


sorqultnt sasottinpte s sved blyuoe aofrseorlogs: tox PPh eaet ‘sith 

23fuasy oft of pntbyeo9A .nottoubotg F443 Fo envedisg Iota 

szom oad pnoms syaw @S brs ES .Of 8 stotreata pntaubor al 

Jon bib VI big ATT. 11 2TaboM Not enotdutoe dba wore 

agi iguberx4 Woo Xe snvedts* 

ded? betsofbit zt abom bonmbypovd oft 10% spatiaaie ‘ewe | = 
-of fs bfuode @S bis .&8 AS 614i 80 SF .0 Wh Oietatrnete 

nodW. (Bla s4ugk a) nottouberg: nos sot bast to atouons tketone) 

~duz 6 9tsatbat etfues. same 4698 gan bat aeer. Teuton ot bers 4 | 

SRauNOSGA Hot souborg avs. to. a te Dee By ait mt sthde fstinete / 

yfomsn .staotis3 to sg 2 nig aM Aa as 13 estab say basi dae! ois ta 4 | 


maseswistwo2 sit nt ute jdiaidokies stove wore ton bib etsbom 


sat M0 ten at sone sen amatvomat + eects wr 


134 


FIGURE 6.4 
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The solution for Model I suggested that about 79 percent of the 
land area used for corn production should be located in Producing Districts 
8, 9, 11, 13, 17 and 18. This allocation represents a marked shift in 
the regional pattern of corn production when compared to the acual 1966 
land use. The solution for Model II indicated that about 80 percent of 
the total land area required for corn production should be located in 
Producing Districts 6, 8, 11, 13, 17, 18, 23 and 25. Districts 8 and 
17 alone should account for about 36 percent of the land area allocated 
to corn by the model. The solution for Model III indicated that about 
82 percent of the total land area allotted to corn production should be 
located in Producing Districts 6, 8, 11, 17, 18, 21, 23 and 25. The 
solution for Model IV suggested that about 86 percent of the total land 
area allocated to corn production should be located in Producing Districts 
6, 8, 9, 12, 17, 18 and 23. According to the solutions for the programmed 
models, fertilizer application should create only slight shifts in the 


regional patterns of corn production. 


Regional Patterns of Sorghum Production 


The optimal solutions for the programmed models suggested that 
there should be substantial shifts in the regional patterns of sorghum 
production compared to actual 1966 land use. According to the 1966 land 
use data, the highland regions of the south and southwestern provinces 
(namely, Harargie, Wollo, Tigre and eastern Eritrea) allocated a sub- 
stantial amount of land to sorghum production (Figure 2.3e). 

According to the solutions for Model I, about 82 percent of the 
total land area allocated for sorghum production should be located in 


Producing Districts 1, 2, 17, 21 and 25. Producing District 2 alone 
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should account for about 35 percent of the land area allocated for sorghum 
production. These districts were also important sorghum areas according 
to the actual 1966 land use data. The results of Model II indicated that 
sorghum production should be spread among seventeen producing districts, 
but 63 percent of the total land area allocated should be located in 
Producing Districts 9, 12, 17, 18, 21 and 25. The results of Model III 
indicated that about 80 percent of the land used for sorghum production 
should be in Producing Districts 9, 12, 16, 17, 18, 19 and 25. The solu- 
tions for Model IV suggested that 85 percent of the land area allocated 
for sorghum should be TATAVSURVCES +1, °25, 9, ics 1/, 10, clefcoyrane co. 
According to Model IV's solutions, Producing Districts 1, 12, 25 and 28 
should become important producers of sorghum. Analysis of the results 

of the programmed models indicate that fertilizer application should 


shift regional patterns of sorghum production (Figure 6.5). 
Interregional Commodity Flows 


Specialization of production usually necessitates trade among 
regions. The mathematical model used in this study includes a transpor- 
tation function to allow product flows from a designated center in one 
consuming region to a designated center in a different consuming region. 

The attempt to find an optimal allocation of production to satisfy spati- 
ally separated demand requirements also provides solutions to transportation 
routes and quantity flows. This information could be quite useful in trying 
to improve marketing facilities. Transportation costs are important 
determinants of interregional flows of commdoties. With improved trans- 
portation and marketing facilities, interregional flows and specialization 


could be enhanced. 
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FIGURE 6.5 
REGIONAL PATTERNS OF SORGHUM PRODUCTION 
c) Model III 
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The analysis allocated zero levels of activities to certain 
regions for one or more crops where the cost of production and trans- 
portation puts such regions in a relatively poor competitive position. 
Demand for the commodities studied has to be satisfied by imports from 
other consuming regions. Some consuming regions do not contain any pro- 
ducing regions; thus, they too must obtain all their requirements from 
surplus producing districts. 

According to the results of the programmed models, there would not 
be very many long hauls of cereals. The absence of long-distance trans- 
portation is probably due to the high cost of handling and transporting 
goods. Interregional flows of cereals will be discussed in detail in 
the following sections (with the exception of the result of Model III 
which is quite similar to the results of Model II in terms of inter- 


regional flows). 


Interregional Flows of Wheat 


According to the results of Model I, wheat shipments should be 
made from Begemdir, Arussi and West Chercher. The directions of flow 
should be from Begemdir toGaraguracha Central and North Shoa, Gojam, 
Wollo, Tigre, Aseb and Eritrea; from Arussi to Shoa, Gemu Gofa, and Kefa; 
and from West Chercher to East Chercher and the Ogaden (Figure 6.6a). 

The solution for Model II suggested that substantial amounts of 
wheat should be exported from West Chercher and Begemdir. The directions 
of flow should be from West Chercher to Sidamo, Arussi, Garaguracha, 
Central and North Shoa, Kefa and Aseb; from Begemdir to Gojam, Wollo, 
Tigre and Eritrea. Small quantities should also be exported from Bale to 


Sidamo and Gemu Gofa; and from Wollega to Shoa (Figure 6.6b). 
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FIGURE 6.6 


INTERREGIONAL FLOWS OF WHEAT FOR MODELS 
IT, II AND IV, ETHIOPIA, 1966 AND 1980 


(c) Model IV 
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According to the solution for Model IV, West Chercher, Wollega, 
and Begemdir should be the most important sources of wheat. The indicated 
directions of movement were from West Chercher to the Ogaden, Sidamo, 
Arussi, Garaguracha, Central and North Shoa, Gemu Gofa, Wollo and Aseb; 
and from Wollega to South, Central and North Shoa, and Kefa. Begemdir 


should export to Gojam, Tigre, and Eritrea (Figure 6.6c). 


Interregional Flows of Barley 


According to the least-cost solution for Model I, the province of 
Arussi should be the most important source of barley, while limited amounts 
of barley should come from Central and North Shoa, Wollo, Begemdir, and 
Tigre. The suggested directions of flow were from Arussi to Begemdir, 
Bale, Sidamo, East and West Chercher, Garaguracha, Central and North 
Shoa and Eritrea. Begemdir and Tigre should export to Eritrea (Figure 
6/a)’s 

According to the results for Model II, Arussi, Gojam, Wollo, and 
Tigre should be important sources of barley. The suggested directions of 
flow were from Arussi to Sidamo, East Chercher, and Aseb; from Gojam to 
Central and North Shoa, and Eritrea; and from Wollo to Eritrea and 
Garaguracha (Figure 6.7b). 

The solutions for Model IV suggested that Arussi, Gojam, Begemdir 
and Tigre should export barley. The shipments should be from Arussi to 
the Ogaden, Sidamo, West and East Chercher, and Central and North Shoa; 
from Gojam to Shoa and Eritrea; and from Wollo to Garaguracha, Tigre and 


Aseb (Figure 6.7c). 


Interregional Flows of Teff 
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FIGURE 6.7 


INTERREGIONAL FLOWS OF BARLEY FOR MODELS I, 
II AND IV, ETHIOPIA, 1966 AND 1980 


(c) Model IV 
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Should be the most important producer and exporter of teff. The shipments 
should be from Wollo to Arussi, West Chercher, Garaguracha, Central and 
North Shoa, Kefa, Begemdir, Tigre and Aseb. Sidamo should ship to Bale 
and Arussi and West Chercher should ship to the Ogaden and East Chercher. 
Kefa, Arussi, Central and North Shoa, Begemdir and Eritrea should receive 
additional supplies from South Shoa, Gemu Gofa, Wollega, Gojam and Tigre, 
respectively (Figure 6.8a). 

The results of Model II indicated that most consuming regions should 
produce enough teff to satisfy their own consumption requirements. The 
few transfers that take place should be among adjacent regions. Shipments 
should be from Wollo to Tigre, Eritrea, and Garaguracha and from Gojam 
and West Chercher to Begemdir and East Chercher, respectively (Figure 
6.8b). 

The solution for Model IV suggested that interregional flows of 
teff should be as follows: from West Chercher to the Ogaden and East 
Chercher; from Wollega to Sidamo and Central and North Shoa; from Wollo to 
Garaguracha, Tigre, and Aseb; and from Central and North Shoa to Arussi; 


from Kefa to Bale and from Gojam to Begemdir (Figure 6.8c). 


Interregional Flows of Corn 
The solution for Model I indicates that Kefa should ship corn to 


the Ogaden, Arussi, West Chercher, Garaguracha, Tigre, and Aseb; and 
South Shoa should ship to Bale, East Chercher, and Central and North 
Shoa. Gojam should also ship a substantial amount of corn to Wollo, 
Begemdir and Eritrea (Figure 6.9a). 

The solution for Model II suggested that large quantities of 


corn should be shipped from Gojam to Wollo, Begemdir, and Eritrea; from 
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FIGURE 6.8 


INTERREGIONAL FLOWS OF TEFF FOR MODELS I, 
II AND IV, ETHIOPIA, 1966 AND 1980 


(c) Model IV 
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FIGURE 6.9 


INTERREGIONAL FLOWS OF CORN FOR MODELS 
I, I] AND IV, ETHIOPIA, 1966 AND 1980 


(c) Model IV 
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Arussi to the Ogaden, East Chercher and Garaguracha; and from South Shoa 
and Kefa to Central and North Shoa, and West Chercher (Figure 6.9b). 

The suggested patterns of interregional flows for Model IV were 
from Arussi to Harargie and Aseb; from South Shoa to Central and North 
Shoa and Wollo; from Gojam to Begemdir and Eritrea; and from Central and 


North Shoa to Tigre (Figure 6.9c). 


Interregional Flows of Sorghum 


The interregional flow patterns of sorghum suggested by the solu- 
tion for Model I were: from West Chercher to Bale, Sidamo, Arussi, Gara- 
guracha, Central and North Shoa, Wollo and Aseb. Wollega should ship to 
Shoa,and Eritrea should ship to Tigre (Figure 6.10a). 

Very few interregional flows of sorghum were suggested by the 
results of Model II. Almost all consuming regions produce enough sorghum 
for their own consumption needs. the limited interregional flows should 
occur from Gojam, Wollo, West Chercher, East Chercher, Central and North 
Shoa and South Shoa to Begemdir, Aseb, Garaguracha, the Ogaden, Gemu Gofa 
and Kefa respectively (Figure 6.10b). 

The solution for Model IV indicated that all but three consuming 
regions should produce enough sorghum to satisfy their own consumption 
needs. A few consuming regions import sorghum to fill the gap between 
production within the region and consumption requirements. The inter- 
regional flow patterns suggested by the model were from Bale and Central 
and North Shoa to Gemu Gofa; from South Shoa to Kefa; from West Chercher 
to the Ogaden; and from Gojam and Eritrea to Begemdir. Tigre should 


export to Garaguracha, Wollo, and Aseb (Figure 6.10c). 
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Land Rent 


As indicated in Chapter V, where land is not a constraining 
resource land rents would be zero. Only when land was a constraining 
resource would there be a greater than zero land rent. It was also 
mentioned in Chapter V that land rents would depend on the productivity 
of the land, price of the commodity in question, and the per hectare cost 
of production. Regardless of the productivity of land or price of the 
commodity, if slack land appears in the solution of the program, land 
rent would be zero. 

Since upper and lower limits on land use were employed in this 
study, only very few producing activities remain unaffected by either 
a minimum or a maximum land constraint. Land rents are different in all 
four models because different constraints were employed in each model 


(Table 6.3). 
Equilibrium Price of Cereals 


Shadow prices for cereals represent the competitive equilibrium 
prices of cereals in each consuming region. As indicated in Chapter V, 
shadow prices (also called imputed or accounting prices) are a function 
of productivity, cost of production and transportation, and the demand 
for cereals in each consuming region. When productivity is increased 
(ceteris paribus), prices would decrease. When fertilizers were applied 
in Model II, equilibrium prices went down substantially (compare Tables 
6.4 and 6.5). When the foreign exchange constraint was relaxed in Model 
III, a further reduction in the equilibrium price of cereals was observed 


(Table 6.5). Since Model IV was programmed to satisfy higher demand 
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TABLE 6,3 


COMPUTED ECONOMIC RENT OF LAND BY PRODUCING DISTRICTS 
FOR PROGRAMMED MODELS, ETHIOPIA, 1966 AND 1980 


Producing Ree Programmed, 1966 Programmed, 1980 
District ne ence ne men 
Model I Model II Model III Model IV 
(Eth. $ per Hectare) 

] 0.00 114,43 138.81 W212 
Z 64.52 18.46 42.85 O3eer 
3 70.04 22.00 46.95 35.18 
4 70.04 22.00 46.95 35.18 
5 19.04 40.16 63.93 61.93 
6 85.39 17.86 16.93 108.93 
7 NESS) 48.76 3.62 141.26 
8 6259 79.72 114.43 0.00 
9 74.69 189.68 223./0 119.63 
10 64.69 201.79 239.68 114.51 
1] 146.83 eg 4 64.17 70.00 
12 36.80 17.01 45.53 75.82 
13 4.60 73.24 84.75 8.45 
14 114.12 W152 89.61 20.98 
15 191.67 0.00 0.00 204.38 
16 54.57 106.85 VAM) 3.45 
17 40.96 117.94 142.80 14,54 
18 19.01 96.79 126551 21.03 
19 0.00 0.00 153.00 0.00 
20 45.49 80.22 122373 psc 
2] 0.00 85.24 108.61 32.28 
22 0.00 85.24 108.61 32420 
23 224.21 1 51 O21 117.50 
24 88.92 15.79 40.06 80.28 
25 (aS 15.20 38.63 16.14 
26 Ph (bp Ve 366.67 388.95 267.03 
27 140.34 202.12 219.06 163.74 


28 25.14 46.57 70.70 15.24 
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TABLE 6.4 


IMPUTED PRICE OF CEREALS BY CONSUMING REGIONS, 
MODEL I, ETHIOPIA, 1966 


a EA A A ST A A SAB A SOE A A SA SS SES SE 
I ER SE SSE A I I A ES SINE Bn SA SS RS SS SA AER SSS NS SASL ES I AE SR ES 


Producing Wheat Barley Teff Corn Sorghum 
Region 


a SS Sc SS SS A SS ASS PA 


(Eth. $ per Quintal) 


| 29 26.43 41.67 ra Wipe 1s) 13.95 
a 20.64 20.07 33.99 16.85 16.88 
3 23.94 20.07 30.69 15.96 16.42 
4 20.64 LG.57 34.19 14.95 13.74 
5 ako 18.43 33.64 1S. 95 11.88 
6 22.81 19.73 34.97 asd aoe 
r G34.09 Ula! ol hetle TZ.18 14.88 
8 21.64 peel q3.59 132.95 13.88 
9 22.74 18.67 34/19 12.85 14.98 
10 24.14 20.07 30.69 [ere 16.88 
1] 23.64 hae! 35.49 T1295 15.88 
12 14,57 i4e¢c3 27.68 O.Gs, Thee 
ue) 18.61 18.73 30.16 13.41 10.95 
14 18.14 16.67 32.86 Te 2 14.87 
15 aia) 17.44 PASM) 17.68 16.26 
16 16.64 163.92 34.36 12.7] 14.14 
17 ral ea 19.24 308 ec TZ563 
18 23.90 169 31.54 18.45 16.18 


19 2.29 Ze, 33.42 16.26 15.30 
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TABLE 6.5 


IMPUTED PRICES OF CEREALS BY CONSUMING REGIONS, 
MODEL II, ETHIOPIA, 1966 
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Corn 


(Eth. $ per Quintal) 


Producing Wheat Barley Teff 
District 

1 18.30 22.05 21 hl 
2 12.23 T2957, 21.97 
3 15.53 15.69 20.44 
4 112285 aed) 20.88 
S 10.99 14.05 19.71 
6 11.60 T5735 21.01 
7 13399 Lcd 19.19 
8 12.99 UI 19.88 
) 14.09 13207, 19.90 
10 T5473 14.27 18.47 
1] 14.99 14.07 18.90 
TZ 14.52 14.29 21.83 
13 9.96 10.29 16.92 
14 11.42 9.62 18.33 
BS 14.99 10.54 16.53 
16 9.92 10.02 19.83 
17 14.99 12.34 18.33 
18 15.29 12.79 18.78 
19 14,57 14.67 20.66 
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TABLE 6.6 


IMPUTED PRICES OF CEREALS BY CONSUMING REGIONS, 
MODEL III, ETHIOPIA, 1966 


Producing Wheat Barley Teff Corn Sorghum 
District 


(Eth. $ per Quintal) 


] 16.08 LIRIAS: 24.14 16.57 12.62 
2 10.00 10.00 18.59 7.94 6.69 
3 13.30 13.37 17.4] 7.54 EEO 
A 10.62 9.87 16.48 6.71 6.43 
8 8.76 Tieds 16.14 SEW 5. OL 
6 9.38 13.03 17.44 Sell See 
Z 11.76 ale 17.94 SO) 8.87 
8 10.76 10.87 15.48 6.57 6.16 
9 11.86 ee 14.62 5.47 6230 
10 11.89 10.74 15.09 6535 9.66 
1] earls 10.77 T330c 4.5/7 ee 
I2 3.14 Selo 10.84 1.26 2.30 
13 7.74 8.13 12.45 5.41 Cee Vé 
14 JRSy 7.30 14.47 3.56 4.4] 
15 13.14 8.61 15.28 10.03 Te 
16 8.07 8.13 15.97 4.96 5.91 
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IMPUTED PRICE OF CEREALS BY CONSUMING REGION, 
MODEL IV, ETHIOPIA, 1980 
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requirements for the various cereals, the equilibrium prices of cereals 
went up, indicating the influence of demand on shadow prices of cereals 
(Table 6.7). 

The reason for the decline in the equilibrium prices of cereals 
when technological improvements are introduced is not hard to find. The 
unit prices in each consuming region are determined by the ratio of costs 
of production to crop yield. As the technique of production was improved 
in Models II, III, and IV, output increased proportionately more than 
the cost of production, resulting in lower prices for cereals in every 
consuming region. 

Several variables are crucial in an agricultural revolution. 

The variables programmed in the models, although important, can not pro- 
vide ready-made solutions for the problems of Ethiopian agriculture. 

The variables programmed in these models are intended as an indication 
of how changes in some key factors can affect agricultural production and 
efficiency. For an effective agricultural change several variables not 


programmed in these models should also be included. 
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CHAPTER VII 
IMPLEMENTATION OF SPATIAL ALLOCATION PROGRAMS 


The solution obtained from a linear programming model is not a 
prediction but a norm, or a goal such as to obtain a least-cost pattern 
of crop production. A considerable difference may exist between the 
theoretical optimum and the actual situation. The normative solution 
is obtained to explore possible methods of realizing the goal of cereal 
supply in Ethiopia at the lowest possible cost. It remains to be seen 
whether the solution is realistic or merely a result of the many 
simplifications that separate a model and reality. Also, observations 
must be made as to whether the indicated reallocation of crop production 
is feasible in practice and what the implications would be for the 
producers. 

The results of this study suggested that a national benefit would 
result from specialization and fertilizer use in Ethiopian agriculture. 
Specifically, the policy measures suggested by the results of the study 
were: 

1. That regional specialization should be encouraged, and 

2. That fertilizer use should be increased. 

The question that arises is: How can such changes be facilitated in an 
economy where the planning agency is not directly involved in the pro 
duction and distribution of cereals? In a market economy such changes 

are achieved through the operation of pricing mechanisms. What the 

planner does, if anything, is provide the appropriate atmosphere (incentive) 


so that people, of their own accord and in their own self-interest, will 
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do those things which contribute to the overall goal. In a developing 
economy such as Ethiopia, direct involvement in the provision of neces- 
Sary services and in the production of certain key goods and services is 
essential. The mere creation of incentives is insufficient because the 
incentive programs could be made ineffective or misdirected by market 
imperfections. 

The proposed policy measures in this study are presented under 
two general headings: 

1. Those policy measures directly related to the results of the 

study, and 

2. Those that are complementary. 

The adoption of both categories of policy proposals is very important if 


Ethiopian agriculture is to develop. 


Policy Measures Suggested by the Study 


Market Developments 


For successful regional specialization of production an efficient 
and reliable marketing service is extremely important. The Ethiopian 
farmer produces cereals mainly for home use. The cereal grains con- 
sidered in this study are important components of the diet of the majority 
of the Ethiopian people. The land use records of 1966 indicated that 
every producing district allocated some land to the production of each 
crop. The overriding concern of the farmer is that all essential crops 
are produced on the farm if at all possible. This has been a long 
established practice in Ethiopia. Before they will part company with 


age-old traditions and methods, farmers need positive proof of gain 
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(large and sure gain) resulting from a change. 

Market developments entail several changes in the existing marketing 
mechanism and the establishment of new institutions such as: 

1. Establishment of grades and standards, 
Establishment of marketing cooperatives, 
Creation of a mechanism for relaying information, 
Standardization of unit of measures, 


Creation of a price stabilization mechanism, and 


Dd Oo FP Ww PP 


Construction of feeder roads. 

The existing production pattern clearly indicates that production 
is concentrated near major markets even though production costs might be 
more favorable further away. Generally, commodity flows are restricted 
to adjacent regions. This is an indication of the high cost of marketing 
agricultural products. Improved marketing systems and lower marketing 
costs are essential conditions in moving toward regional specialization 
and interregional flow of commodities. The reduction of costs and margins 
in the marketing system is one of the best ways of stimulating desirable 
production change, since the farmer's price will be raised and the con- 
sumer's price will be lowered. If the consumer's price is lowered, the 
consumption of agricultural produce is likely to expand, thus benefiting 
the farmer. 

It is extremely difficult to improve the marketing system as 
long as farmers are not producing primarily for the market. Reductions 
in marketing costs may come about when farmers hegin to specialize their 
production but are unlikely to occur as long as farming is on a semi- 


subsistence basis with innumerable small producers yielding surpluses 
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for the market almost as an accidental by-product. The costs of collec- 
tion of very small quantities over a large geographic area will inevit- 
ably remain high. 

The improvement of the efficiency of the marketing system is 
definitely a precondition for regional specialization. For the price 
system to perform effectively, the system must be of such a nature that 
information on demand and supply can efficiently flow back and forth 
between the farmer and the consumer. 

Specific proposals are briefly discussed below. These proposals 
represent the very minimum required to enhance the efficiency of the 
marketing channels. 

Grades and Standards -- The establishment of grades and standards 
is a precondition for efficient market operation. The absence of grades 
and standards makes the operation of the market too costly and inefficient. 
It introduces a great deal of uncertainty in the marketing of agricul- 
tural products. Because of the absence of grades and standards, market 
transactions require the on-site inspection of products by the buyer. 
Buying by description is impracticable. 

Rudimentary regulations setting minimum standards do exist but 
their enforcement has not been effective. The establishment of an agency 
to set standards and to enforce their observation should be given urgent 
attention. The Stanford Research Institute study recommended the 
reactivation of the Ethiopian Grain Board for this purpose. | The Board 


suffered financial and personnel problems and had been ineffective since 
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its creation in 1950. The reactivated board should be given full 
authority to set and regulate grades and standards. 

Weights and Measures -- Standardization of weights and measures 
are also important for an effective market performance. A proclamation 
establishing systems of weights and measures was issued in 1967. 
However, the kinds and shapes of all types of units of measures still 
in use in Ethiopia are evidence of lack of enforcement. Volume measures 
of all kinds (especially tin cans) are used to measure cereal grains in 
small transactions. Kilograms are used for transactions involving large 
quantities. The need for standardization of units of measure cannot 
be overemphasized. A new Department of Standardization of Units of 
Measure should be established. The responsibilities should cover al] 
areas including industrial goods. It is difficult to visualize an 
improvement in the efficiency of the Ethiopian marketing system without 
standardized units of measure. 

Market Information -- Dissemination of adequate and reliable 
information is crucial to the effective performance of a market. The 
farmer must have adequate knowledge if he is to make rational allocations 
of the resources under his control and also take advantage of favorable 
market conditions. Lack of adequate knowledge and reliable information 
results in unequal bargaining power, poor producer prices, and a low 
level of market consonance. The dearthof market information makes the 
market less competitive and leaves the farmer vulnerable to exploitation 
by the cunning and relatively well-informed merchant. At present, there 
is no formal mechanism through which information of supply and demand 


V ipid., p. 103. 
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and anticipated changes could be transmitted to the farmer. The extent 
of the farmer's knowledge regarding market conditions is limited to what 
he learns from his neighbors and his own observations in the market 
place. 

Supplying farmers with information and educating them at the 
same time would be very useful in the implementation of agricultural 
changes. The fact that the overwhelming majority of the Ethiopian 
people are illiterate eliminates the use of publications and newspapers. 
Radio programs could be used effectively only if the people had radios 
and most do not. To provide farmers with transistor radios at a reduced 
price may perhaps be the most feasible solution. Then radio programs 
which contain pertinent market information and developmental programs 
could be broadcast regularly. 

Cooperative Societies -- Throughout the world farmers tend to 
suffer from the disadvantage of their sheer number in proportion to the 
number of buyers. With hundreds of his fellows the individual farmer is 
often selling in unregulated competition to a handful of buyers who are 
in a position to restrict competition among themselves. This imbalance 
in market power results in the farmer not realizing the full impact of 
an incentive program designed to induce him to make certain changes in 
his operation. All the benefits could be absorbed by the middleman. 
Under these circumstances the farmer would not respond to the stimulus 
provided by government. It is this sort of situation which leads to 
the formation of farmers' collective selling organizations (such as 
cooperatives or marketing associations). These organizations give 
farmers the bargaining power which results from membership in an organi- 


zation which speaks with one voice. The Ministry of National Community 
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Development is assisting farmers in organizing cooperative societies. 
In order to achieve rapid progress, the Ministry should allocate more 
resources to assist in the formation of these societies. 

Price Stabilization -- Price stabilization schemes are also 
important components in the development and improvement of marketing 
services. A farmer's income is a direct consequence of the quantity 
he sells and the per unit price he obtains for his product. Ceteris 
paribus, if one component improves, so does the farmer's income or vise 
versa. Farmers generally prefer a guaranteed lower income to a high but 
uncertain income. This attitude is particularly prevalent among farmers 
in less developed countries whose ability to absorb risk is extremely 
limited. 

Price stabilization schemes are a must if agriculture is to grow 
and prosper. The benefit of protecting agricultural prices from falling 
below a certain level is not limited to the farm family alone but to the 
whole economy, particularly in countries such as Ethiopia where agri- 
culture dominates. The transition of agriculture from a sector tradi- 
tionally oriented towards producing primarily for subsistence to a market 
economy can be facilitated by a reasonably stable pricing scheme for both 
export and domestically consumed commodities. 

Specialization of production will encourage the establishment of 
new commercial farms and heavy dependence on the market. Since the 
emerging commercial farms have unstable financial foundations, their 
ability to withstand adverse price conditions is very low. Consequently, 
they will soon be forced to either leave farming or revert to the tradi- 
tional and conservative way of farming. The benefit of stabilization is 


not necessarily the high price farmers get, but the stability it gives 
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the market so that people will develop confidence in the marketing 
system. 

The existing condition in Ethiopia is one of unrestricted 
fluctuation. A Stanford Research Institute study indicated that the 
average seasonal range of price fluctuation for the major agricultural 
products in four important markets is about 31.3 percent. | For certain 
products the range was over 50 percent. Such changes in price are not 
conducive to increasing surplus production for the market. 

Construction of Feeder Roads -- In the central highlands where 
population concentration is the highest, the need for feeder roads is 
urgent. Assuming that a given road can service fifteen kilometers on 
each side, only 22 percent of the country was accessible by all-weather 
roads in 1966. The lack of roads makes transportation by donkeys, 
camels, mules, and even humans (estimated to be six times more costly 
than truck transportation) inevitable.© With such conditions prevailing, 
spatial distribution of production will not be realized. 

Reducing transportation costs and the subsequent improvement of 
marketing efficiency encourages the production of more marketable surplus. 
This reduction in transportation cost and increased efficiency of mar- 
keting definitely provides the basis for better spatial distribution of 


production. 


| Thodey, Marketing of Grains and Pulses in Ethiopia, p. 232. 


é These estimates do not include costs of building and maintaining 
roads for truck transportation. The social cost of truck transportation 
is perhaps greater than the cost to the individual user. 
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Fertilizer Use 

Very little fertilizer is used in Ethiopia at present. Fertilizer 
import records show that amounts varied between 2,000 and 4,000 tons 
annually. Studies by various agencies and individuals have shown that 
yield responses to the application of chemical fertilizers is quite high. 
An FAO nationwide fertilizer response trial has been in progress since 
1967. The results obtained so far indicated a definite need for fertilizer 
use therefore suggesting that fertilizer application should be encouraged. 
Since chemical fertilizers have to be imported, a sizeable amount of 
foreign exchange needs to be allocated for fertilizer importation. 
The alternative would be to construct fertilizer processing plants 
within the country. Since deposits of phosphate rocks or sulfur are 
not commercially available in Ethiopia, the importation of the raw 
materials would be necessary. 

The Stanford Research Institute suggested the construction of 
two fertilizer processing plants--one at Massawa and another at Aseb, 
each with a capacity of about 5,000 tons per year. Although the capacity 
of the two plants could not produce enough fertilizer to satisfy the 
projected demand, the move would be very desirable. | If and when the 
projected demand materializes, the plants could be expanded. 

The absence of a widespread distribution system for fertilizer 
is a serious handicap. Addis Ababa and Asmara are the only distribution 
centers at present. If the demand for fertilizer increases as suggested 


by the results of this study, one or more distribution centers for each 


| The Stanford Research Institute estimated fertilizer consumption 
in Ethiopia for the next 15 years to be 16,400 tons annually in 5 years; 
41,500 tons annually in 10 years; and 86,800 tons annually in 15 years. 
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producing district is necessary. Government support in terms of sub- 


sidies or long-term credit is highly desirable. 


Pilot Programs 


Production and transportation costs are important variables in 
determining the regional patterns of cereal production. The value of 
the results of a model cannot be better than the information used in 
constructing the model. As new and better (reliable) information is 
available, it is prudent to recompute and modify policies and models 
accordingly. 

According to the results of this study, it is desirable to en- 
courage regional specialization, use of fertilizer, and improvement of 
the marketing system. But, in practical terms, how can the government 
or the planning agency promote the shifts suggested in this study? A 
positive step in the right direction can be achieved by selecting a few 
producing districts where regional savings would be the greatest and to 
adopt the changes recommended. A controlled study of the effects of 
these changes could then be made in limited areas of the country. 
Specifically, the responses of farmers to changes in transportation 
facilities, marketing efficiency, technology such as the use of fertili- 
zers, and other incentive programs could be studied. Connected with this 
program would be a strict monitoring of costs and benefits to the farmer 
as well as to the nation. This information can be used to recompute the 
regional model in order to confirm or modify the policy proposals. 

The interregional commodity flow information in Chapter VI shows 
the magnitude of shipments of cereals between regions. As a starting 


point, those routes on which heavy traffic is indicated could be selected 
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for improvement and cost studies. The fertilizer response data also 
indicate the producing districts that were most responsive to the 
application of chemical fertilizers. In selecting the districts for 
closer observation, the attitudes of the people of the district towards 
change and development should be considered. 

The Swedish and United States governments and the World Bank 
in cooperation with the Ethiopian government, are undertaking regional 
development programs in Producing Districts 6, 7, and 9. Those agencies 
provide the so-called "package" program in the respective districts. 
The package includes research, education, extension, marketing, credit, 
seeds, fertilizers, and other technical knowledge. The Swedish project, 
which has been in operation for almost ten years, has already shown 
promising results. The move appears to be towards specialization in 
the production of few crops. The experiences of these programs could 


provide useful guides to future initiative with respect to specialization. 


Complementary Measures 


Ethiopian agriculture is characterized by: 
1. Small and uneconomic farm units, 
Fragmented holdings, 


Non-monetized (non market-oriented) , 


> Ww fr 


Feudalistic landlord-tenant relationships, 
5. A high degree of tenancy, 
6. Lack of basic service institutions, and 
7. Outmoded land ownership systems. 
Piecemeal changes, perhaps useful to remove some short-run problems, 


could not be expected to provide a force big enough to break away from 
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the stagnant traditional ways of doing things. A comprehensive reform 
program which replaces the traditional institutions with elements that 
reflect the needs and realities of contemporary Ethiopia is needed. 

Land Reform -- Land reform is long overdue in Ethiopia. A ges- 
ture was made in 1965 when the Ministry of Land Reform and Administration 
was established. However, the Ministry's lack of success in passing 
any significant legislation is an indication that it has met some stiff 
resistance from vested interests who also happen to be policy makers. 
Three legislative programs, namely: 

1. Cadastral survey, 

2. Tenancy relationships, and 

3. Progressive taxation on land ownership, 
were proposed by the Ministry. To the author's knowledge, none of these 
legislative proposals were passed. 

Three essential stages may be involved in a land reform program. 
These are: 

1. Redistribution of ownership of land resources and consoli- 

dation of holdings, 

a Institution of measures designed to redistribute income 

derived from the land, and 

3. The provision of complementary measures designed to increase 

production, employment and income through improvements of 
marketing, credit, communication, and administrative machinery. 

Land redistribution may involve the expropriation of private land, 
the division of public lands, and the amalgamation of fragmented units 
in order to lead to a better distribution of land ownership and, con- 


sequently, income. The process of land redistribution is not an easy 
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problem to tackle. The determination of the optimum size now and in 

the future, the determination of the proper compensation for expro- 

priated land and how compensation is to be paid, and the prevention of 

a reoccurrence of the present situation are formidable tasks. These 

are fundamental problems of a land reform program. If peoperly instituted, 
a land redistribution program could provide farmers with the incentive to 
increase production for both domestic uses and marketable surplus. 

It is very unlikely that farmers with very small and uneconomic 
holdings and tenure situations open to exploitation would have the 
incentives to specialize and to increase production. Land redistribution 
programs not only provide incentives to invest human and material resources 
but are also beneficial from the point of view of equity of distribution 
of the national wealth. 

Consolidation of fragmented holdings is closely related to the 
question of land expropriation and redistribution. It is imperative that 
a program of expropriation and redistribution be accompanied by a move- 
ment towards consolidation and the formation of viable farm units. The 
small fragmented holdings in Ethiopia are the result of a long historical 
process. The inheritance laws, customs and traditions, and the high 
population pressure (particularly in the Highlands, where land has been 
settled for centuries with very limited opportunity for remunerative 
employment outside of agriculture) have forced division and fragmentation 
of holdings which seriously hampers production, both per man hour and 
per acre. If holdings are too small and fragmented, the result is not 
merely that mechanical cultivation is out of the question, but that the 


technique of farming gradually degenerates to the hoe culture. There 
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will be a low fixed ceiling on the peasants' income and probably 
enforced idleness throughout much of the year. A land consolidation 
program is a step in the direction of improvement in agriculture and in 
the spatial allocation of production. 

Land Settlement -- There are fairly extensive areas of unutilized 
land in Ethiopia, particularly in the south and southwestern provinces 
and in the lowland regions. Opportunities exist for large-scale land 
settlement and the establishment of farms more conducive to regional 
specialization provided that these areas are made accessible and irri- 
gation facilities are provided where possible. The lowland regions hold 
the most promise for Ethiopia in the future. Land settlement programs 
will also remove some of the pressure from the presently overpopulated 
areas of the highland regions. However, it is not enough to rely on 
settlement alone to solve land reform problems. A few planned settle- 
ments have been attempted in Ethiopia in the past, but the results were 
not as expected. 

Tenancy Improvements -- Complete elimination of tenancy is not 
possible, nor is it desirable. The problem with tenancy is faulty and 
inequitable contractual arrangements between the tenant and the landlord. 
In Ethiopia, most contractual arrangements are verbal and when written 
arrangements are made, they usually tend to favor the landlord. At present 
there is no specific legislation that defines the rights and privileges 
of the parties concerned. 

In areas where population pressure is high, the tenancy situation 
is extremely bad. The tendency towards commercialization has displaced 


a great number of tenants in the past few years. 


Iw 


Pie #e ieee 
“sv 


\Fdsdorg brs smoont ‘Aion ons 10, ay 
notssbitoznoa brist A .veey aiid 2¢ doum Suodguondd: 229 
nf bas syed Tyohyps, mf Inamevarqet to hateavih nls: nt mie 
«mot souborg’ 8 not tex 
bosTiitun to eases avienstxo ylAtst ss ovadT -- a one 


2santvorg misteowituee bas dtvoeant af shunting, neat 
bas! sfsoe-spyst vot tetke-aatstantroggd -anotper neh 
snotpey ot avFoubnos svom eis? Fo wien Senne ony brs 3 
-riai bus ofdteesoos sbem ss 26gty, saent seat babiverg nots 
blot enetpe: brefwot af? ,sfdteeoq sverw babhyverq eas ena 
ms 1BO7g tnemel tise brs) .swJUT ont At stgotdt yt setmowg + | 
betsfuqoqiave yliasestq shy mort ayuzesrtq ait to amne ey A nie t 
no yfor of dpuons ton at 37 .1svswoH .enohpey basidotd oft 68 
-slitse bsansfq wet A ,emetdorq moter bref. avloz of Snot. 2 ti 


syow etiuzsy ont dud ,.tebq eet nt arts nt besqnst? 8. need “i 2 f ‘m1 


ton 2f yonens3 to noftentmt{s atelqned -~- 2tagmeyor Mi YOUSNS! 
sobs ya? 2f yomened. ao tw maT dorng eat iano: ti aad ‘ton ae 
‘brothas! off bas dnsned ont awisd 2s nomapnsys [susositnes sti om 
nsdttow nerw bis fstivev one atismapnecis fsugoettnos t20m amin 
tnszsg 3A <byofbras ant rovet of brat alfeuen. yars <Sbem 96 aa al 
gepsftviag bie etdoty sat sont tsb, dent notdefatpal atttosqe on, 2h overt 
| _-sheerigonoa agtiasq oft to 
norteutt2 vpnanst at} ,ipid at onwaenng Agi tstuqog: stow 289716 Resins ‘thir, 
boeciqath est nolzex st gvanmaa ebvewor vanebaet oft bed, toners a 
21a6i Wot 92i6q sr nih etnenbs ede 


168 


In regions where hard core resistance to land redistribution 
exists, a limited improvement is possible through changes in tenancy 
conditions. Improvements could be made regarding security of tenure, 
rental rates, share of variable expenses and, compensation for improve- 
ments. These changes are essential steps toward the ultimate goal of 
conferring basic entrepreneurial rights and incentives of economic 
production to cultivators. It is not enough to legislate, enforcement 
is an important part of the package. The landlord is often in a position 
to bend the law in his favor. Therefore, the process cannot be complete 
without impartial enforcement of the legislation. 

Land Taxation -- A properly designed tax structure may accomplish 
several important ends. The most important results that taxation could 
bring are: 

1. To force large and absentee land owners to sell their land 

to cultivators, 

2. To contribute to the cost of a balanced agrarian reform 

program, 

3. To transfer income from agriculture to help finance indus- 

trial growth, and 

4. To mobilize differential rents that accrue to land owners 

by reason of privilege, location and other fortuitous cir- 
cumstances and to make them available for financing much 
needed social infrastructure investments. 

Progressive taxation on large land holdings and a tax on unutilized 
holdings could be expected to force large land holders to sell their land 


to tenants and/or to bring all the land they own into production. Such 
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taxes would make the mere ownership of land a burden. 

A low tax on agricultural land tends to make investment in land 
more lucrative than alternative investment opportunities. The low rate 
of taxation, high population pressure, and the prestige and security 
associated with ownership of land combined to make land value extremely 
high in the past. A high market value for agricultural land can make 
the transfer of land to tenants extremely expensive. A properly timed 
and well coordinated land taxation could facilitate transfer. 

Credit Facilities -- In any scheme of agrarian reform the effec- 
tive subsequent provision of credit is a vital factor. Chapter II indi- 
cated clearly that the Ethiopian farmer is poor, measured by any standard. 
All of the changes suggested in this chapter require cash expenditures. 
New incentives to invest family labor may be of little value if the farmer 
has no new tools and processes with which to work. Without a credit 
scheme, an agrarian reform program cannot be expected to produce the 
expected results. Thus, for success to be achieved, a credit scheme 
that is easy to supervise must be instituted. 

Cooperative societies could play a leading role in this respect. 
As the Agricultural Development Bank of Ethiopia painfully learned, it 
is extremely difficult and costly to supervise and collect loans made 
to small farms. However, if the small farmers could form legal coopera- 
tives, it will be possible to take advantage of the benefits of large 
scale. 

Agricultural Research -- Agricultural research is essential to 
an agricultural development effort. The search for improved methods of 


production and distribution must be an integral part of any development 
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effort. It is difficult to achieve success in the agricultural sphere 
without a high level of research in the agricultural sciences. Improve- 
ment in traditional tools and equipment, improvements in cultural methods, 
and improvements in livestock breeds cannot come without research in the 
agricultural sciences. 

A very large fund of knowledge is available in the developed 
countries. Less developed countries could benefit from the experiences 
of the developed nations without much expense. What has taken years to 
develop can be obtained with relative ease, but since conditions in the 
donor and the recipient countries are almost always different, a complete 
transfer of technology is not possible. There is always a temptation 
for people from less developed countries to attempt to borrow the latest 
of machines and the most sophisticated technologies. Unfortunately, 
in most cases, these technologies are incompatible with the conditions 
and the needs of the less developed countries. The challenge for people 
from the less developed world is to discriminate between what is avail- 
able and what is compatible with their conditions. 

Mellor! categorizes research into four classes in descending 
order of transferability. These are basic research, developmental 
research, adaptive research, and test demonstrations. 

Basic research deals with the development of the principles and 
concepts which lead to major technological advance. This kind of research 
provides the foundation on which innovations are based. Unless conditions 


are drastically different between the place where the basic research is 


| John W. Mellor, The Economics of Agricultural Development, 
pp. 283-284. 
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conducted and the place it is intended to be used, there is no need to 
spend limited resources on basic research. Thus, basic research could 
be borrowed in its entirety from a developed country or could be con- 

ducted in a limited geographical area within the country (that is, 

one national research station doing all basic research). 

Basic research is expensive in both time and material resources. 
Highly qualified researchers dedicated to the profession are needed. 

Less ceveloped countries do not have the luxury of time nor the material 
resources to do basic research. 

Developmental research is the application of basic research to 
immediate agricultural problems. This research is also transferable from 
one country to another unless conditions are highly variable. It is 
suggested that this research may have to be conducted in the less developed 
countries themselves but still on a national basis. 

Adaptive research and test demonstrations are the two important 
research activities that must be conducted within the less developed 
countries in a decentralized fashion. To assure success, adaptive 
research must be "region specific". Test demonstrations must be made on 
specific geographical regions. Ideally, this kind of research should be 
done under local conditions. The idea is to show and educate the farmers 
about the benefits of new techniques of farming. The latter two types of 
research should not be expensive. 

The provision of such facilities is extremely important for the 
implementation of an agricultural change program. Unfortunately, the 
importance of agricultural research is rarely understood by less developed 
countries. In Ethiopia it was only recently that research in agriculture 


was given some attention. 
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Extension Facilities -- Extension services have a dual function: 
ie: To disseminate information (that is, convey results of 
research to the consumers or farmers), and 
2. To communicate farmers' problems to the researcher so that 
the researcher can design a research project that will 
solve the particular problem. 
This communication is facilitated only when extension services are highly 
integrated with the agricultural research program. If findings of 
scientists are not transmitted to the farmers, it is a wasted effort. 
In an illiterate society, the best means of passing information to the 
farmer is personal contact. This can be done more efficiently with 


teams of researchers and extension people working together. 


Infrastructural Development 


Highway Construction 


Extending major highways into regions that are currently in- 
accessible should enhance the possibility of regional specialization. 
New settlements could be organized into farm sizes that are more con- 
ducive to large scale operations and specialization. Old settlements 
are extremely difficult, if not impossible, to reorganize into modern 
farm units. On the other hand, people who migrate are those who seek 
new opportunities and challenge, making them more responsive to new 
farming ideas and new ways of living. 

The south and southwestern provinces severely lack communication. 
Building major highways into these areas could open up extensive agri- 


cultural lands for cultivation. 
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High transportation costs generally put areas that are distant 
from market at a disadvantage even though they may otherwise have com- 
parative advantage. This is particularly so for the production of bulky 
and perishable products. The extension of highways into such areas 
would enhance comparative advantage and, consequently, foster speciali- 


zation. 


Construction of Dams, Drainages and Irrigation Facilities 


Vast areas of the lowlands of Ethiopia are not used for crop 
production primarily due to shortage of moisture and, in some areas 
poor drainage accounts for a good part of the unused land. Preliminary 
observations have shown that some of the lowland soils are among the most 
fertile. The major river systems of Ethiopia meander through most of 
these lowlands. So far, only a few river basins (that is, Awash, Blue 
Nile and Wabi Shebele) have been studied or are being studied. Agri- 
cultural development is currently underway in the Awash river basin. 
Construction of dams, drainages and irrigation facilities can bring these 
vast resources into agricultural use. The expansion of agricultural 
production into such areas will no doubt encourage commercial agriculture 
and spatial redistribution of production. Such facilities are not gener- 


ally compatible with small scale farming. 


Health Facilities 
One of the explanations for the heavy concentration of settlement 
in the highland region of Ethiopia is that of health hazards existing 
in the lowland regions. Malaria was a serious problem in the past 
and still is troublesome in some places; the tsetse fly is a serious 


problem in the south and southwestern provinces. For a successful 
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settlement, it is important to bring in health facilities. The provision 
of education and health facilities will assure the long-run success of 


an agricultural development program. 
Economic Change 


The evolution of subsistence agriculture into commercial agri- 
culture has some important characteristics. These are: 

1. The economy is monetized (oriented to production for sale) 

2. A large market for agricultural commodities develops due 

to increased population and income in the nonagricultural 
sector, 

3. Proportion of agricultural population is low, and 

4. Industrial base is to be expanded. 

These are important preconditions for agriculture to develop and lose 
its subsistence characteristics. 

While export markets should be investigated and exploited to 
the fullest extent possible, they cannot be expected to absorb all the 
increased producticn from agriculture and also provide the incentive 
for further increase in productivity. World trade in agricultural 
products is becoming more and more restricted and regionalized. 

The most certain method for absorbing the increased production 
and providing the necessary incentive for further productivity increase 
is the expansion of domestic demand. The two most important means for 
expanding demand are increased per capita income and increased market- 
dependent population. If a market-dependent population increases with- 
out an income increase, the effect may be minimal. This is where agri- 


culture and industry complement each other. Agriculture and industry 
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Should develop simultaneously to avoid undue hardship on the people. 

As agriculture becomes commercialized and specialized, more people will 
be displaced from the agricultural sector. These people must be absorbed 
by the services and manufacturing sector. The income received will be 
spent on food products, expanding the market for agricultural goods. In 
return, agriculture absorbs some of the outputs of industry. This inter- 
dependence between agriculture and industry continues to create a dynamic 


and growing society. 


Distribution of Income 

The marginal expenditure on food items (particulary cereals) by 
high-income people is generally lower than low-income people. That is, 
high income people spend less of any additional income on food consump- 
tion, while low-income people spend a large proportion of any extra in- 
come on food. Thus, from the point of view of expansion of demand for 
food, income distribution in favor of low-income people is desirable. 
A relatively smooth shift from a primarily subsistence agriculture to 
a commercial agriculture would occur if economic activities were spread 


more than at present. 
Social Change 


The creation of a dynamic and progressive agriculture requires 
a certain degree of discipline and organization. Lack of discipline 
and organization could be a hindrance to desirable changes. In Ethiopia, 
several attempts to improve conditions in agriculture fell far short of 
expectations. Several factors account for the slow progress, but the 


most important and often missing in economic studies, is the human 
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element. For example, when a certain project is contemplated, a thorough 
inventory of soil, rainfall, material requirements, and labor (head 
count) is made. But rarely is an attempt ever made to analyze the 
attitudes of the people, their habitual ways of doing things, and the 
core values of the society. It is usually assumed that people will 
immediately respond to economic incentives. In all societies there are 
certain social organizations and integral codes of behavior which are 
essential for the existence of the society. These codes may be incom- 
patible with some forms of modernization. For example, such things as 
the extended family system--families grouped by kinship and tribe to 
form a community, time and resources allocated to observing large numbers 
of holidays and attending ceremonies, the use of scarce resources for 
ceremonial activities, and indifference or resistance to change are 
characteristic of traditional societies. Some of these traditions and 
organizations serve useful purposes to the society, while others do not 
serve any useful purpose. While some of the traditional ways can and 
will give way to the new way of life, others may have to be retained. 

Any proposal or program of change needs to recognize the nature of the 
society it wants to change. A program that does not take cognizance of 
these elements is likely to be frustrated. 

Mobility--social, geographical, financial and educational--is 
important in breaking away from a stagnant situation. The absence of 
such mobility is a hindrance to the establishment of new settlements and 
overall agricultural development. It is essential to understand why a 
society is stable, how it resists attempts to change stable patterns, 


and how it learns about, evaluates, and adopts change. 
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Project Selection 


The general areas where improvement are needed to facilitate the 
implementation of the results obtained in Chapter VI have been discussed. 
While it is desirable to carry out all the suggested measures, it should 
be realized that this is financially impossible. Several factors con- 
strain activities. In less developed countries bottlenecks result from 
the lack of capital, skilled labourers and managers, foreign exchange, 
and even public administration. The severe scarcity of resources forces 
concentration of effort upon a limited number of activities, both geo- 
graphically and by type of investment. The problem is how to identify 
the areas of priority. 

In theory, at least, project selection is based on the profit- 
ability or net social benefit of the enterprise under consideration. 
Usually the activity which promises the highest return to the limited 
resource is selected. The difficulty is how to organize benefits and 
costs so as to make a meaningful comparison between alternative invest- 
ments. The problem is further compounded by the fact that some benefits 
and costs are not quantifiable (e.g., education and health). Any decision 
concerning these things must be based on criteria other than quantifiable 
rate of return calculations. 

Although benefit-cost evaluation has its own problems, it is 
now being used widely to evaluate investment projects. The determination 
of prices, costs, interest rates, and period of analysis are separate 
problems by themselves. Otto Eckstein discusses three possibilities for 
project evaluation: 


1. Compare differences between net benefits, 
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2. Compare the rates of return, and 
3. Compare ratio of benefits to costs. | 

Since comparing differences of net benefits favors large invest- 
ment projects, its use is not recommended. Which of the latter two criteria 
to employ will depend on the nature of the project. It was pointed out 
by Eckstein that the two methods yield the same result only under special 
conditions: 

1. Where the current costs of the projects are in the same 

ratio as investment costs, 

2. Where benefit-cost ratio is equal to 1.0, and 

3. Where there are no current costs.° 

The use of the benefit-cost ratio criterion is suitable for pro- 
jects that have the following characteristics: 

1. The economic nature of the costs are reasonably uniform, 

2. No extreme variations of capital intensity, 

3. Benefits are uniform and roughly equal in degree of uncer- 

tainty, and 

4. Life span of the projects among which choices are made are 
the same.° 
If the nature of the projects to be compared departs significantly from 


the above conditions, rankings that employ benefit-cost ratios are not 


very useful. 


' Otto Eckstein, Water Resource Development: The Economics of 
roone Evaluation (Cambridge, Massachusetts: Harvard University Press, 
» Pp. : 


2 Ibid., p. 58. 
3 Ibid., p. 55. 
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Theoretically, if resources are unlimited and can be obtained at 
an increasing cost, all projects with rate of return greater than the 
market interest rate will be undertaken. In terms of benefit-cost analy- 
sis, all projects with benefit-cost ratio greater than 1.0 should be 
undertaken. On the other hand, if only a given resource is scarce, the 
optimum resource allocation will occur when projects with the highest 
return to the limited resource are undertaken. In a benefit-cost setting, 
selecting the project with the highest ratio implicitly assumes that 
returns are maximized for a "bundle cost." The bundle of costs consists 
of diverse resources and materials, such as labor, machinery, fertilizers, 
| chemicals, and equipment. 

Most less developed countries suffer from severe shortages of 
one or more resources. In Ethiopia, the only resource that is not scarce 
is unskilled labor. Everything else--land, capital, skilled labor and 
foreign exchange--is extremely scarce. Optimum allocation calls for 


maximizing returns to these resources. 
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CHAPTER VIII 
SUMMARY AND IMPLICATIONS 


This study employed a programming technique to analyze the spatial 
distribution of the five major cereal crops raised in Ethiopia (namely, 
wheat, barley, teff, corn and sorghum). The main concern of the investi- 
gation was to examine the regional pattern of cereal production and the 
interregional flows which minimize national cost of production and trans- 
portation for the cereals in question but are consistent with the given 
levels of demand. 

More than 80 percent of the people of Ethiopia are directly 
involved in agriculture. Agriculture also provides Ethiopia's entire 
foreign exchange earnings, which are dearly needed to finance the growing 
need for materials and resources to build an industrial base. 

Agriculture is so important that it is also the cause of the 
country's backwardness and economic stagnation. An attempt to modernize 
the country can hardly succeed if agriculture is unaffected. However, 
because of the large number of people involved in agriculture, its modern- 
ization is a formidable task. 

Ethiopian agriculture is primarily subsistence oriented. The 
farmers consume more than 80 percent of their produce. Purchases by 
them are limited to a few essential industrial items. By and large, the 
rural sector is non-monetized. 

Farm tools and equipment are simple and inexpensive. Total in- 
vestment on tools and equipment per farm was found to be less than Eth. 


$50.00. Property ownership is concentrated in the hands of very few and 
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inequity of distribution of income is very high. 
Spatial Distribution 


For purposes of this study, the country was divided into twenty- 
eight production districts and nineteen consuming regions, the latter 
represented by a central place serving as the point from which trans- 
portation costs to other regions are measured. Producing districts were 
delineated so as to make them as homogenous as possible with respect to 
production conditions. Statistics were separately available for awrajas 
(sub-provinces). Therefore, boundaries had to coincide with the awraja 
boundaries. One or more awrajas were assigned to each producing district, 
and one or more producing districts were assigned to consuming regions, 
which, for the most part, coincided with Ethiopia's provinces. The 
provinces of Shoa and Eritrea were divided into two consuming regions, 
and the province of Harargie, into four consuming regions. Districts 
with minor crop producing potential were not separately identified; 
their production was netted out from the total regional demands for 
cereals. 

The use of the programming method in an interregional competition 
study requires information on: 

1. Estimates of input-output coefficient for each activity by 

producing region. 

2. Estimates of per hectare costs per activity by producing 

region. 

3. Estimates of demand for each commodity by demand (consuming) 


region. 
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4. Estimates of transportation costs between demand regions. 

9. Estimates of resource and institutional constraints. 

The constraints programmed were crop land and foreign exchange. 
The crop land constraints were determined at the actual 1966 land use 
level while the level of foreign exchange allowed for the importation 
of fertilizer was arbitrarily determined. 

Using 1966 data, the following alternatives were programmed: 

1. Regional specialization with conventional farming practices, 

2. Conventional and fertilizer activities, and specialization 

with constrained fertilizer use (Eth. $100 million was allowed 
for importing fertilizer), and 

3. Conventional and fertilizer activities, and specialization 

with unconstrained fertilizer use. 

The same alternatives were programmed using 1980 data. A feasible 
solution was obtained only for the last alternative where fertilizer use 
was not constrained. The policy implications of the infeasible solutions 
for alternatives (1) and (2) were that unless substantial improvements 
in farming practices are made or crop land is increased, the country 
could find it difficult to satisfy the demand for cereals by the 1980's. 

The questions to be answered were: Had Ethiopian cereal pro- 
duction been organized in accordance with regional comparative advantage 
in 1966, would it have been possible to satisfy the 1966 demand for the 
various commodities under investigation with fewer resources and effort? 
Also, how should cereal production be distributed in 1980? The year 1966 
was selected for the base analysis because it was the year for which the 


necessary information was available. 
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The results of the analyses indicated that regional specialization 
and fertilizer use would be beneficial to the nation. The minimum cost 
solutions showed that approximately up to 2.6 million hectares of crop- 
land could be wirthdrawn from the production of cereals if productions 
were specialized and chemical fertilizers were applied. The least-cost 
solutions of the models programmed indicated that the desirable regional 


distribution of cereal crops would be as follows: 


Crops Producing Districts 

Wheat 2ctOn cand 22 

Barley SO ul cui | oO aehiaeand 24 

Teff 25) eel D pel dance 

Corn Spot Osea S lel Scale 
and 25 

Sorghum lec. lee in TO, Cl, and co. 


The solutions also indicated that high transportation costs have been a 
hindrance to regional specialization. The detrimental effect of the high 
cost of moving goods is evidenced by the absence of long hauls in the 
programming solutions. Efficiency in marketing and transportation is a 
prerequisite if a nation is to take advantage of differences in the 


productivity of producing districts. 
Limitations of the Study 


Three important problems are encountered when this type of analysis 
is made using the programming technique. The problems are data limitation, 
aggregation, and the assumption of linearity. 

Activity analysis models are simple, but very powerful, techniques. 


Several studies of interregional competition have been made in the United 
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States and elsewhere using this technique and have shown promising re- 
sults. However, one should not lose sight of the enormous amount of 
data required to conduct even a modest investigation of this sort. The 
most serious criticism of using the programming model hinges on this 
very problem. The criticism is even more valid for a country where data 
sources are relatively scarce. 

Aggregation is a major problem to be faced in an interregional 
competition model which uses broad geographical regions as producing 
units. When such regions are used as producing units some key agricul- 
tura] characteristics like soil, climate, crop mix, or cultural practice 
are assumed homogenous. The ideal thing would have been to segment the 
agricultural regions into small units and to define production and con- 
straints for each unit separately. Since this is impractical for fin- 
ancial and other reasons, one is compelled to assume that every farm in 
the region is the same in at least some of the important agricultural 
characteristics. Usually in the delimitation of producing districts 
and consuming regions, data availability is an important consideration. 
Certain economic features and uniformity have to be sacrificed in order 
to make regional boundaries coincide with the unit for which data is 
available. 

Another serious handicap with this type of model is the assump- 
tion of linearity. Linear programming analysis assumes constant returns 
to scale over all land in the region. Most production functions in 
agriculture are nonlinear. However, problems that involve nonlinearity 
in interregional competition have not been handled. Takayama and Judge 


have shown that it is possible to obtain solutions for nonlinear models 
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if appropriate linear dependencies between regional supply and demand 

and prices are well-behaved continuous linear functions. | It has been 
suggested, therefore, that countries or research workers just beginning 
the study of interregional competition should use linear models. Greater 
detail (that is, more regions, more restraints) can be handled ina 


linear model. 
Implications of the Study 


Ethiopian farmers are nonmarket oriented. Their major objective 
is to produce enough of every commodity to satisfy their families' needs. 
Although it may be to their advantage as well as to the nation's advan- 
tage to concentrate on the production of fewer commodities as dictated 
by the comparative advantage of each region, it is unlikely that the 
farmer will accept this idea. Family security most often ranks highest 
in their list of priorities. 

The primitive modes of transportation and inefficient marketing 
institutions discourage regional specialization. In addition, land 
ownership and tenancy relationships do not create incentives for improve- 
ment. 

The attitudes of producers and the problems discussed above may 
handicap any effort towards specialization. However, in the future, as 
farm productivity improves and commercialization emerges, the move will 
undoubtedly be in the direction of regional specialization. 

In the years to come, Ethiopia's agricultural development wil] 


be intimately connected with the country's Five-Year Development Plan. 


| T. Katayama and G.G. Judge, epalat Equilibrium and Quadratic 
Programming, “ JFE, Vol. 46 (1964), p. 6 
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The plan recognizes regional differences in quality and quantity of 
resources and has expressed the need for regional emphasis: 


During the third plan, a start will be made by assisting 
the people in a limited number of regions to initiate and 
carry forward the process of economic growth. Those who 
have the highest level of initiative, who are willing to 
contribute to integrated development plans, and who are 
able to organize for development, will be offered technical 
consultants to assist them in formulation and implementation 
of economic development projects. Government policy will 
encourage the identification and planning of major regional 
devetopineht projects for completion by various operating 
agencies. 


| tEG, Third Five-Year Development Plan, 1968-1973, p. 365. 
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TABLE A-1 
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AWRAJAS INCLUDED IN EACH PRODUCING DISTRICT, ETHIOPIA 


PEOG, Dist. 


Pw 


CoO NO) 


10 


1] 


12 
13 


14 


eens nce SE 


Awraja 


Jijiga 
Gursum 


Harar and Surrounding 


Wobera 

Chercher 
Garamuleta 

Wabe 

Genale 

Delo 

Fasil 

Arba Gugu 

Ticho 

Chilalo 

Yerer and Kereyu 
Hykotch and Butajera 
Chebo and Gurage 
Kembata 

Wolamo 

Sidama 

Derasa 

Jemjem 

Gardula 

Gemu 

Gofa 

Gimira 

Jimma 

Kefa 

Kulo Konta 

Limu 

Jibat and Mecha 
Menagesha 

Menze and Gishe 
Merhabete 

Yifat and Timuga 
Tegulet 

Selale 

Desse 

Werehimeno 
Borena 

Werel lu 

Kalu 


Prod. Dist. 


13 


20 
P| 


22 
23 
24 
Zo 


26 
27 
28 


Awraja 


Yeju 

Ambasel 

Gayint 

Lasta 

Wadla Delanta 

Gojam without Metekel 

Gimbi 

Horo and Guduru 

Leka 

Arjo 

Gore 

Buno 

Mocha 

Asosa 

Kelem 

Wegera 

Gonder 

Chilga 

Libo 

Debre Tabor 

Wag 

Raya and Kobo 

Raya and Azebo 
Inderta 

Semen 

Shire 

Axsum 

Temben 
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Hamasen 
Seraye 

Mitsewa 

Akale Guzaye 


op a 

M a, 

ADAOIHTI ervey 
4: = poiaie 
ss a beiane es: : a 
BLS WA 


utey | 
TgesdmA | 
Intyso at 
* See6L ae 
stitefed ‘stbaw a 
fod5taM turd tw ms tao UT. 
tambo Bf 
uyubua bia oyoH 
siadt 
OCA 
Sion ef { 
anus 
BOM 
Bz02A , (08 
mals 
KISPON is 
ebnon | 
apt rd | 
odfj is 
todaT sxded 
pal 
3 eat 
Brac 8 be en 


a) 9a 


APPENDIX B 


199 


hi hk SMe eo 
my wi if a a! mr cj 
! i , 7 aes We } 
"Og Wy | mw mL Nig mt WA : 
Wn nnn | ee | : 
4 i Ten: ai ; ; 
\ mm : 4. ; * 5 i _ iM i a } wi Yh 
; hy i _ J hha : a we ; its 4, 
j tao wi y |” Devi ee 
‘ Pa heat ae iit: 
i . H ™ ¥ a Hs ’ Ath sp 
: nM nn ts ‘ val 
~~ 


‘ fa tw? Aah } 
8 Ka hae Koy ‘fe ay ie 
bai ae ae _ 
» part if 

a alas 

aye ‘< 

pas ro 
. lee 
miner 


200 


°99-/9 ‘dd SeLdoLyzy ul sunzinoLuby ‘;abeuyyny  sadunos 


nn nt 


o°sL eC, 0°S GOL daquiesaq 

Z°6 hae 9° 1 Gv Aa quia AON 

6°SL 8°S9 €°9g O'lv 4aqo390 

e°O/1 €°yZ2 8°2SL 8° v8 daquie}.das 

L°OLE €°062 2°692 6° 182 ysniny 

€°OZE L°662 9°9L2 2°8L2 Ayne 

Lizz 2° L’vvl Z2°S2L aunt 

Love G°6S 0°19 0207 Kew 

6°ZLL 8°28 0°82 Etta [Lady 

9°78 6°SL L°98 0°9L Yue 

8°6E g°/ 2°8l €°9Z Auenaqe 

Ga7Z Gelc 6°SL 7 az Auenuee 

( * uuu) 

("Ww SO6L SPNZLILY) (*w EL€Z apnzLzLy) (*W O6LZ 2PNL3 LV) ("WwW gObz 2PNZLILV) Y.UOW 
(74,86 G68 (NG. 206 01). 66 GaDs6r CVE Ne le Ok). gf Jaa0S. Ly Nea 8S 580) ete deSth oS€ “N 120 <60} 
(£S6L-Z2S6L) B4OLOqUOD §=§ (G6 L-7S6L) SOXARW 24gG2q (LS6L-E€S6L) Oquy (ZS6L-Sv6L) eqeqy SLppy 


nn nn NN 


SS oo 


WIdOIHLS “T1IV4NIVY ATHLNOW NVAW TWOIdAL +L NOIDIY 
L-d 31avl 


a a ick 2 + sso 


8 aatatay as Laie 


201 


‘os ‘d Serdoruag ul aunqpndtuby ‘pabeugjny sadunos 


9°L2 L°v9 g°e€ Aaquied aq 
8°OL 6°18 9°LE AaquaAoN 
L°S9 0°21 7°28 4aqoi90 
G°6ZL awa 9°0ZL Jaques? das 
9°ZL2 pele 2°922 zsnbny 
L°602 L° 962 L’v6l Aine 
Zee 6° VEE 0°22 aunc 
0°6EL 0°92 9° 221 Kew 
S88 0°6EL 6°28 | Ludy 
G6 0: /t1 €°9OLl youey 
Gare 2 Se O°SL Auensga4 
VE me Oe OL i 62 Auenuee 
Se Se ee eee ee oe eee a eee Ae ees 
(“W OSZL apNz!3 LV) (*W GoOZ epnzL3Ly) (‘Ww EO€L epnitiLy) yUOW 
(SaasoGe 0 NS 6e 6/0). (°3 1,f€S,S5-N-, 01 4e0) - (“2 Se -e9€ “N «8h 250) 
(ZS6L-2S6L) ewwic _ (LS6L-€S6L) e409 (ZS6L-vS6L) Neg 


VIdOIHLS ‘TIVANIVY ATHLNOW NWSW TWOIdAL *2 NOISY 
“67d Ala 


each een = 


sf eee > == 
p= tere -A§2@1-S2et) omate._ -._(Xel-£2er) 0a “(seer-azer) Pe a 
ss a. 302 °9e MK 'ee *40) 2 "ee °2e “Ot °80} " ase °se Mes Peoyo 
ee = UG r oeNS. sakes _.¢ {am 2005 abut tsTA) at m EGE! SbuttaTA) = oF 


SS oe Oe Bey 
Py : : 


0.QEf G.d28 
$.288 € bee 
f.€08 ., aes 
: : &. STS B.ETE 
a — a.err 3, SFE 
ene r.28 / 6.€%f 
: &.0f o <8 
i a.XS, {.40 

7 ol .q ,8iqgornss ars 


FOS 


TABLE B-3 
REGION 3: TYPICAL MEAN MONTHLY RAINFALL, ETHIOPIA 


Agordat (1949-1957) 
(15° 33" News7 4053 E a} 


Month (Altitude 633 m.) 
(mm. ) 
January - 
February - 
March 0.4 
April 9.8 
May 6.6 
June BOS 
July 109 .6 
August 138.5 
September eas 
October B79 
November (agg) 
December ~ 


Source: Huffnagel, Agriculture in Ethiopia, p. 7/6. 


TABLE B-4 
REGION 4: TYPICAL MEAN MONTHLY RAINFALL, ETHIOPIA 


Wonji (1953-1957) 
(08° 21° Nze39tcl5e Ea) 
Month (Altitude 1580 m.) 


January 
February 
March 
April 
May 

June 
July 
August 
September 
October 
November 
December 
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Source: Huffnagel, Agriculture in Ethiopia, p. 66. 
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TABLE B-5 
REGION 5: TYPICAL MEAN MONTHLY RAINFALL, ETHIOPIA 
Neghelli (1952-1957) Gambela (1947-1957) 
(05° 19") Niwso° 40" Ey) COS2 O05 Ne 34° 55° FE.) 
Month (Altitude 1430 m.) (Altitude 450 m.) 
January 0.2 See) 
February B20 15.3 
March 18-5 28.3 
April 167.9 1die 
May 109.1 166.4 
June 310 sz 1 
July Vie fe 237.4 
August fines) Sled 
September hee 216.4 
October T1720 108.6 
November 28.8 44.3 
December 13335 16.0 
Source: Huffnagel, Agriculture in Ethiopia, p. 64, 69. 
TABLE B-6 
REGION 6: TYPICAL MEAN MONTHLY RAINFALL, ETHIOPIA 
Massawa (1949-1957) 
Gi5° 36". Nee 39° 28 CE.) 
Month (Altitude 5 m.) 
(mm, ) 
January arm) 
February AAR 
March 14.9 
April 9.8 
May aS 
June 3 
July 2081 
August W.7 
September 2.8 
October 30.8 
November 22.9 
December 57.9 
CI lr ee he 5 ke a Oe ca 
Source: Huffnagel, Agriculture in Ethiopia, p. 75. 
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TABLE B-8 
REGION 8: TYPICAL MEAN MONTHLY RAINFALL , ETHIOPIA 


Assab (1949-1957) 
(le, 0ibe kh. 42°o as Es) 
Month (Altitude 11 m.) 


January 
February 
March 
Apri] 
May 

June 
July 
August 
September 
October 
November 
December 
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Source: Huffnagel, Agriculture in Ethiopia, p. 37. 
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TABLE C-2 


AVERAGE SEEDING RATE ON PEASANT FARM IN ETHIOPIA 


Grain Amount/Ha. 
Teff 50 *Kg. 
Wheat 100 kg. 
Barley 1Z0 ka. 
Maize 90 kg. 
kg. 


Sorghum 60 


Source: Unpublished data from The 
Stanford Research Institute files. 


209 


a. ¢ Ca a Y, i i. ee ee Ba [| 
ee 
4 Eh lee a 4 
‘ Wave 


~oe 


aT mort steb bsdetidugn 99% 
29117 odudttanl sovsees 


TABLE C-3 
DEPRECIABLE ASSETS OF A TYPICAL PEASANT GRAIN FARM IN ETHIOPIA 


rrr ee 
emer er — 


Type of Original Approximate Salvage Annual 
Asset No. Cost Life Value Depreciation 
(Eth. $ Years 
Oxen 3 375 8 (Eth ” if "Ms 
Donkey ] 40 10 0 4.00 
Farm Bldg. ] 200 20 0 10.00 
Grain Bin 3 30 10 0 3.00 
Farm Tools 
& Equipment 
Plough ] 10 5 0 2.00 
Yoke ] 8 5 0 1.60 
Bull Whip ] Ze5 3 0 0.25 
Leather Bag 3 15 5 0 3.00 
Ax 2 5 5 0 1.00 
Hoe 5 6 5 0 1.20 
Basket 3 6 2 0 120 
Mechagna ] 3 ) 0 0.60 
Sickle 3 6 3 0 2.00 
Laida ] 2 5 0 0.40 
Minsh ] ] 5 0 0.20 
Maragebia 1 10 ae) us 22.00 
TOTAL 719.00 59.60 


Source: The table is constructed from information found: 
Miller and Makonnen, Organization and Operation of Three Ethiopian 
Case Farms; M.E. Quenemoen, Potential Returns From Commercial Farmin 
Systems in Three Areas of Ethiopia, Exp. St. Bull. No. 56 (Dire 
Dawa: HSIU, June, 1968); Davis and Mohamed, Farm Organization of 


Terre and Galmo Villages; Taddesse Ebba, T'EF: The Cultivation, 
Usage, and Some of the Known Diseases and Insect Pests, Part I, Exp. 
St. Bull. No. 60 (Dire Dawa: HSIU, March 1, 1969); E. Ebba, A Case 
Study of Six Peasant Farms in Ada District, Shoa Province; USDI, 
Bureau of Reclamation, “Appendix VI: Agriculture and Economics"; 
Telahun Makonnen, "Case Study of Ten Ethiopian Farms in The Chercher 


Highland," Alemaya, 1969. (Unpublished paper.); Telahun Makonnen and 
Getachew Tecle-Medhin, "Case Study of Ten Ethiopian Farmers in the 
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Central Highlands (Debre Zeit Vicinity)," Debre Zeit, 1969. (Unpublished 


paper.) 
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TABLE C-4 
FARM ACTIVITIES OF A TYPICAL PEASANT GRAIN FARMER IN ETHIOPIA 


a 


Number of Times Operation is Carried 
Type of Activities Teff Wheat Barley Corn Sorghum 


Breaking sod land 3 3 3 3 3 
Plowing (seed bed 
preparation) 5 3 3 2 2 
Seeding: 
Compacting seed bed ] - ~ - - 
Broadcasting seed ] ] ] ] ] 
Covering seed (plowing) 1 1 1 ] 
Weeding 2 Z 2 2 Z 
Harvesting: 
Cutting ] ] ] ] ] 
Threshing ] ] ] ] ] 


Storing (bagging & 
transporting) ] 1 ] ! 1 


Source: C.F. Miller, et al., Systems Analysis Methods for 
Ethiopian Agriculture; USDI, Bureau of Reclamation, “Appendix VI: 
Agriculture and Economics"; Makonnen and Tecle-Medhin, "Case Study of 


Ten Ethiopian Farms in The Central Highland (Debre Zeit Vicinity)"; 
F. Ebba, A Case Study of Six Peasant Farms in Ada District, Shoa 


Province. 
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TABLE C-5 


PERFORMANCE COEFFICIENTS FOR SOME COMMON 
FARM TASKS ON A PEASANT FARM IN ETHIOPIA 


Type of Activity Labor Requirement Per Hectare 
1. QOxen plowing 0.25 ha/day 
2. Broadcasting and plowing seed under 0.50 ha/day 


3. Weeding/cultivation 
left Wheat Barley Corn Sorghum 

Ist 24 man days/ha 15 man days/ha 15 man days/ha 18 man days/ha 18 man days/t 
2nd 20 : 10 ; 10 5 12 " 12 i 
4. Cutting & stalking 

16 : 8 ‘ 8 : 10 0 10 ‘ 
5. Threshing & cleaning 

6 : A : 4 4 : 4 i 


6. Bagging, transporting 
and storing 


2 it 2 i 2 " 2 i 2 iT 


Source: L.F. Miller and Makonnen, Organization and Operation of Three 
Ethiopian Case Farmers; Quenemoen, Potential Returns From Commercial Farmin 
stems in Three Areas of Ethiopia; C.F. Miller, et al., Systems Analysis 
ethods For Ethiopian Agriculture. 
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TABLE C-6 


PERCENT OF TOTAL AREA "NEEDED" BY LIVESTOCK 


NUMBER AND AREA OF CROPS, ETHIOPIA 


Index of 
Sub-Province Grazing 
(Percent) 
Kembata 136 
Dessie Zuria 13] 
Haikock-Butajira 96 
Wolamo 90 
Adwa 93 
Raya-Azebo 85 
Yerer-Kereyu 83 
Harar Zuria 76 
Chilalo 70 
Axsum 65 
Bahir Dar 62 
Bechena 6] 
Menagesha 60 
Lasta 59 
Jibat-Mecha 57 
Hule Awlailo D3 
Were Illu Gy 
Werehimenu 50 
Merhabete 49 
Mota 48 
Ambase |] 47 
Chebo-Guragie 45 
Selale 45 
Wadla Delanta 38 
Agagame 38 
Tegulet-Bulga 3/7, 


Sub-Province 


Menz-Yift 
Kalu 

Yeju 

Ticho 

Damot 

Borena (Wollo) 
Leka 

A gewmider 
Debre Marcos 
Batie Wereda 
Inderta 

Arba Gugu 
Shire 

Gemu 

Wag 

Kelem 

Arjo 

Horo Induru 
Chimba 
Raya-Kobo 
Jarra 
Gardula 

Gofa 


Index of 
Grazing 


(Percent) 
36 


35 
32 
3] 
3] 
Si 
30 
30 
28 
27 
26 


Source: IEG, Ministry of Planning and Development, Regional 


Aspects of National Planning in Ethiopia, Part I, p. 42. 
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TABLE C-7 


YEARLY AVERAGE FARM GATE PRICES BY DISTRICT FOR THE 


MAJOR CEREAL CROPS IN ETHIOPIA, 19662 


Crops 
Region Teff Wheat Barley Corn Sorghum 


(Eth. $ Per Quintal) 


] 29.70 22.85 16.40 
2 28.80 21.00 14.40 
3 30.00 15.00 10.00 
4 30.00 15.00 10.00 
5) 23.40 15.00 10.75 
6 25.c0 16.00 Tes 
7 26.73 17.50 T1290 
8 26 .30 18.00 11.00 
2 29.34 18.40 18.00 
10 29.34 18.40 18.00 
1 C900 Z5eoo 15,58 
I 317,60 18.40 13730 
13 29.70 17.40 12.10 
14 24.93 18.50 14.00 
15 24.30 18.00 13.50 
16 24.00 17.00 (yas! a) 
7 18390 14.85 go 10) 
18 LOU 18.00 20.00 
19 44.00 30 .00 24 .00 
20 22.50 19 .00 20.00 
el 21.60 18.30 14.10 
22 18.80 17.80 13.60 
23 24 .30 17390 15320 
24 Zis00 T7550 15.60 
(as ERE 17395 TS 0 
26 27.00 18.60 17.00 
ral 29.00 2onco TH,00 
28 29.00 ALES AG 16.50 


@ The farm gate prices were obtained from wholesale 
prices with appropriate downward adjustments for transporta- 
tion, middle man’s margin and other marketing costs. 


Source: National Bank of Ethiopia, Economic 


18. 
17. 
(AU 
20. 
14. 
lees 
16: 


Research Department, Local Prices in 1966 and Some Series 


of Local Prices in the Period 1957-66 (Addis Ababa: 


Economic Research Dept., June, 1967). 
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TABLE D-1 


LAND AREA WHERE FERTILIZER SHOULD BE APPLIED, 
BY PRODUCING DISTRICTS, MODEL II, ETHIOPIA 


Prod’ Dist! Wheat Barley Teff Corn Sorghum 


(Thousand Hectares) 


] 20.8 0.58 3326 
2 84.1 134.5 3312 
3 4.5 ou, 
4 

5 53.2 3056 
6 Wo) esis) 

7 160.4 

8 28.0 
9 24.8 54.5 
10 7.0 

1 3a) 2an0 
12 l2ar2 
is. 4525 

14 

15 108.5 

16 124.6 

17 150.7 V3hi2 

18 

19 8.6 28.1 
20 6.1 

21 
2e 
23 42.1 
24 
25 67.8 
26 Vial 
Za 
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TABLE D-2 


LAND AREA WHERE FERTILIZER SHOULD BE APPLIED, 
BY PRODUCING DISTRICTS, MODEL III, ETHIOPIA 


Wheat Ba 


20.8 
104.5 


2a. 
WOM. 


107. 


Corn Sorghum 


(Thousand Hectares) 


rley Teff 
0. 
134. 
2 
] 81 
160. 

0 
38 3 

2 
ole 

) 

0 137. 
28. 
boy 

4 

3 


6 
5 


~~ 


4.5 Oi, 


De) 
Nf 


122. 


67.38 


7.4 
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TABLE D-3 


LAND AREA WHERE FERTILIZER SHOULD BE APPLIED, 
BY PRODUCING DISTRICTS, MODEL IV, ETHIOPIA 


Prod. Dist. Wheat Barley Teff Corn Sorghum 


(Thousand Hectares) 


24.0 67.8 
2 239.2 227.58 57 .6 
3 6.9 
4 2.6 24.9 
5 93.0 48 .5 
6 86 .6 135.9 
7 160.4 
8 194.9 69.5 
9 54.6 86 .0 

10 2.7 10.8 29.3 

1 8.7 154.4 19.4 8.0 

12 90.8 164.1 

13 163.4 102.8 

14 

15 127.4 

16 98.6 26.0 

17 104.7 Daorc ae ieee) eV oee 

18 72.8 30 .0 60.7 63.9 

19 14.4 47.2 28.0 

20 173.6 

21 17.5 

22 

23 

24 179.0 

25 260.9 

26 52.7 

27 
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TABLE E-] 


HARVESTED WHEAT LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 


Producing 
District 


OONADNHPWNhH— 


ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


1966 


Actual 


- DONOO—$OVN—-UaGRPOeOON WH 


DwWMHON™NONWOD 


Programmed 1966 
Model I Model II Model ITT 


(Thousand Hectares) 


20.81 20.8] 

86 .02 84.13 104.50 

27.50 3. 10 3.70 

21550 16.40 16.40 
99.65 

9.03 

20.84 20.84 

62856 857. 29 85.29 

14.96 8.57 14,96 

20975] 104.99 0299 

52.07 954,96 137.60 

45.78 45.78 45.78 


5/ 9587 7, 482 .46 459 .90 


Programmed 1980 
Model IV 


239ce 


72.46 
14.37 


897. 39 
154.44 
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TABLE E-2 


HARVESTED BARLEY LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 


ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


Producing 1966 
District Actual 
] / spa 
2 66.0 
5) TO 
4 P20 
3) 46.6 
6 Eevee! 
7 19.2 
8 203 
9 20.4 
10 44 3 
11 14.4 
12 116.8 
ES 82 .6 
14 68.2 
he 4.5 
16 120.4 
i 200 13 
18 Slope 
19 42 .0 
20 cpa 
21 64.3 
22 65.4 
a3 esc 
24 40.2 
25 sie er4 
26 Coy 
27 (As\e 
28 14.1 
TOTAL T4902 01 


a 


Programmed 1966 Programmed 1980 
Model I Model II Model III Model IV 


(Thousand Hectares) 


Goce 
0) 


110 


209 


a5 


22] 


OS, ¢ 
30.S¢ 


d¢0, SS 


A. 
law e 
W.es 


$2.8 


10. {af 
a. Oat 


Me 


TABLE E-3 


HARVESTED TEFF LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 
ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


Producing 
District 


— ae | 
SHS OuoOdON AN PWD — 


2 


TOTAL 


1966 
Actua 


MOANA] OANAAWDWOMWWOOINWOI—|ONMNOTMO © 


] 


6 
PO 


Programmed 1966 


Model I 


50 
122 
92 


190 
263 


268, 


60. 
We Foe 


90 
108 


1548. 


Le 


6] 
555) 
769 


iS 
.60 
hea 


40 
91 


23 
60 


all 
80 


56 


Model II 


Model ITI 


(Thousand Hectares) 


0. 
134. 


160. 


96 


64. 
.00 


38 


25°, 
125). 
103: 


1372 


28. 
104. 


26 


1045. 


58 
48 


40 


24 


83 


5] 
9] 
49 


2] 


I 4 
16 


95 


88 


OF 
48 


134 


160. 
26 . 


64. 
Be.. 


158. 
81. 
A3Y 
ae 
104. 


Zils 


1019. 


58 


9] 


Programmed 1980 
Model IV 


227.58 


160.40 


51.71 
20) 9! 
154.41 


102.83 
263.60 
127.40 


Zeon Ao 
29.98 


47.16 
173.60 


69°05 


1734.42 
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TABLE E-4 


HARVESTED SORGHUM LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 


ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


Producing 1966 
District Actual 


] Seas 
2 ZOD 
3 ln) 
4 Lee) 
5 eel 
6 1825 
7 TOL 
8 15.3 
9 HO 
10 Sjoens, 
1] S65 
V2 A | 
1s 48.2 
14 TOR 
15 67.4 
16 15.1 
17 154.9 
18 71t3 
19 70% 
20 63.4 
21 93! 
22 18.5 
23 SOLE) 
24 45.4 
25 92.4 
26 320 
27 13.4 
28 Shay 


TOTAL 1412.5 


Model I Model II 


Model III 


(Thousand Hectares) 


D 


BE 97 
438.38 33. 
41.85 aay 
a 
54, 
(dye 
122 
32 
22.60 Ce 
[0873 93 
273.68 8] 
Synoy of 
"3590 69 
ZI L5 val| 
42 
161.76 67 
3710 7 
1267290 bp hehe 


vas 
72 


38 


33.61 
CBee) 
were 


Mode 1 


260. 


69 
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TABLE E-5 


HARVESTED CORN LAND BY PRODUCING DISTRICTS IN ETHIOPIA, 
ACTUAL 1966 AND PROGRAMMED 1966 AND 1980 


Producing 1966 Programmed 1966 Programmed 1980 
District Actual ModeT T ode! II Model ITT Node! IV 


(Thousand Hectares) 


] 20.6 
2 O78 
3 1,0 4.46 4.46 6.85 
4 10 
) 152 
6 his 55.49 81.44 135,911 
7 30.0 
8 oar, OLONeco Valies 131225 194.87 
9 157.6 70.03 41.65 32:63 54.64 
10 83.6 40.99 40.99 40.99 EEA: 
1] 115.3. 190.50 56 .82 58.85 19.43 
V2 17.4 45.15 90.79 
13 25 76.05 76205 
14 7.0 
1S 2.0 
16 22.07 26 .03 
17 Sue unl oo .01, 2223 103.59 122.68 
18 145.1 69.85 69.85 S9565 60.65 
19 73:5 RY ane) 32.20 32500 28.04 
20 1229 
2] 47.75 24.70 UE PRTAS 
ce 
as 29.39 50755 50.00 60.55 
24 1530 
aa 17.0 2.34 seed 99.91 12201 
26 20rt 85.00 39500 
ays a0 
28 Leg 


TOTAL 1030.0) U.93d0 17 907.70 0575.00 841.73 
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TABLE OF CONVERSIONS 


m.m. = 0.0394 inches 

meter = 39.37 inches = 3.281] feet 
kilometer = 0.6214 miles 

Square kilometer = 0.3861 sq. miles 
hectare = 2.471 acres 

kilogram = 2.2046 pounds 

quintal = 100 kilograms = 220.46 pounds 


Centigrade: C = 5/9 (F° - 32) 


Fahrenheit: F = 9/5 (C° + 32) 


Eth. $2.50 - US $1.00 before the 1972 devaluation of US $. 
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LIST OF ABREVIATIONS 


IEG - Imperial Ethiopian Government 
HSIU - Haile Selassie I University 
TFYP - Third Five-Year Plan 

CSO - Central Statistics Office 

SRI - Stanford Research Institute 

ARI - Agricultural Research Institute 


IECAMA - Imperial Ethiopian College of Agriculture and Mechanical Arts 
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